
EOS, vol. 62, no. 18, May 5, 1981 473 


Editorial 


An AGU Investment 

It Is now about 2 years since 
AC3U acquired the building at - 4 

2000 Florida Avenue In Wash- Afffrl ] 

Ington. D.C. That gave us, for 

the first time In 60 yeara, an £rw[ C'rTT 

independent and permanent 

headquarters location. The 

frequent moves were over, 

and the need to face annual 

rentals of nearly a quarter mil- • ** 

lion dollars vanished. Besides that, It seemed that a sub- 
stantial building offered a long-term protection against Infla- 
tionary erosion of our assets. In fact, the annual apprecia- 
tion of real estate In that part of the District of Columbia 
business district Is about 10%. Moreover, the space In ex- 
cess of the Union's own needs is fully rented. This provides 
a regular Income which covers ell the building's expenses. 

A piece of extra land can be used for future expansion in 
one of the most desirable locations of the city. 

Presently the building still carries a substantial mortgage 
Inherited from the prior owners, of $1 .285 million. Although 
by present conditions the Interest rate is low (9 3 / 4 %), the 
monthly payments of $14,000 must be met. Fortunately this 
mortgage can be prepaid in 1966 without penalty. Depend- 
ing on Interest rates at the time, this may be In the best in- 
terest of the Union and generating the reserves to do so 
has become one of the major alms of the present fund-rais- 
ing drive. To raise about $100 per member (or only 20 tax- 
deductible dollars per year per member) seems to be a 
very modest goal. Many members can and should give 
much more. A debt-free building would give the Union a 
solid, appreciating capital asset, a small but steady rental 
income, and above all a central home for its activities. 

H. E. Landsberg 


Piggyback Drilling in Kansas: An Example for the 
Continental Scientific Drilling Program 
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D. W. Steeples 

Kansas Geological Survey, The University ol Kansas, 
Lawrence 

M. E. Bickford 

Department of Geology, The University of Kansas, 
Lawrence 

As the development of plate tectonic theory has provided 
a framework within which to Interpret new geological and 
geophysical data, the need for an organized deep-drilling 
effort on the continents has become apparent. Since the 
expense of such a venture will be large, It is Important to 
perform as many scientific experiments as practical on 
each hole drilled. This paper Is a report on scientific, ad- 
ministrative, and financial aspects of a drilling program In 
Kansas. Experiences related here should be of some use 
lo other groups planning scientific drilling ventures. 

Four holes were drilled to 0.5-1. 1-km depth In Kansas as 
part of a hydrological study of the Arbuckle Formation. Two 
of the holes penetrated Igneous rock of Precambrian age, 
and several meters of granitic core were recovered. At 
least one of the cores is highly magnetic and more radioac- 
tive than normal granite. Both cores have U/Pb zircon ages 
ol 1340-1360 million years, presenting evidence lor a pre- 
viously unknown episode ol intrusive activity. All four holes 
have been thermally logged with geothermal gradients 
ranging from 28 0 C/km to 36° C/km. The cased boreholes 
will be available in the future for additional experiments by 
other scientists. 

Introduction 

There is currently great interest in the continental crust, 
and much has been said about the desirability of 'piggy- 
backing' purely scientific sampling and geophysical experi- 
ments onto drilling projects designed for other purposes. 

We have recently completed such a 'piggyback' drilling pro- 
ject in order to obtain samples of the buried Precambrian 
basement In Kansas and to obtain geophysical data for the 
crust In this region. The purpose ol this paper is to relate to 
the Interested scientific community how we went about this 
project and what some of our problems were. We will also 
present some of the scientific results In preliminary form 
and make recommendations lo investigators, funding agen- 
cies, and organizations who may wish to promote this kind 
of scientific endeavor. 

Continental Scientific Drilling Program 

The Continental Scientific Drilling Program (CSDP) is a 
conceptual program that has not yet been formally or ex- 
plicitly funded. The idea has evolved with the development 
of plate tectonic theory and the subsequent realization that 
while continental crust Is complex, It may not be Impossibly 
complex. Continental earth scientists have watched the tre- 
mendous success of the Deep Sea Drilling Projecl, which 
began In 1968, and they are confident that a similar well- 
planned scientific drilling program on the continent would 
lead to a better understanding of continental accretion and 
evolution. By 1974, Interest had developed to the point (hat 
a workshop on continental drilling was held at Ghost 
Ranch, New Mexico. A drilling program funded at the level 
of less than $15 million (1974 dollars) per year for about 10 
years was suggested in the Ghost Ranch Report [Shoe- 
maker, 1975]. ... . . _ 

Funding for the CSDP was never authorized by Con- 
gress, but by early 1978 the U.S. Geodynamics Committee 
realized that substantial mlsslon-orlenled drilling was being 
done by various state and federal agencies nationwide. A 
CSDP workshop, sponsored by the Geodynamics Commit- 
tee, was held at Lob Alamos Scientific Laboratory (LASL) In 
July 1978. The workshop was attended by approximately 
100 scientists, representing more than 50 universities, gov- 
ernment agencies, and corporations. A survey of the agen- 
cies represented at the workshop revealed that government 
continental drilling projects for fiscal 1979 were expected to 
cost approximately $500 million and thal cumulative driving 
was expected to exceed 70 million feet. (This sounds like a 
lot of continental drilling, but It Is only four Inches for every 
man, woman, and child living In the U.S.). The survey also 
revealed a lack of Interagency coordination and inlormaiion 

^V^^e^a^'rfrllled for scientific purposes, it Is in the 
best Interests of taxpayers *o mwlmta i the t amount of sci- 
entlflc research done on each hole. |n other words, multi- 
purpose holes often have the ’potential to P rov,de J™ r ®^ ci ' 
entitle results per lax dollar 8perit. Whlje we use the term 
(not without reservation) 'piggybacking to designate addi- 
tional experiments on deep drill holes, some might prefer 
■add-on experiments’ or simply ’taies-of-o^^nlty. 

One of Ihe recommendations that resulted from the LASL 
meeting [National Academy of Sciences, 1979) was that 
the effectiveness: of research drilling should be maximized 
bv cooperative effort arqong scientists (often with different 
oblectivoS) and by providing a mechanism for communlca- 
Honamong agenda, institutions, Industry, and Interested 
scientists. This paper Is a report on a cooperative i mulltpur- 
■ aave,al 8C,en - 
Kts, funding agendas, and objectives. 


Arbuckle Project! Opportunity for Deep 
Drilling 

The Arbuckle Group of Cambro-Ordovician age consists 
essentially of dolomite and contains significant oil and gas 
reserves In central and south central Kansas. The unit is 
also used as a reservoir lo dispose of moderate amounts of 
industrial liquid waste and saline water, which Is produced 
In conjunction with hydrocarbon production throughout the 
state. The Arbuckle is also an Important freshwater aquifer 
in extreme southeastern Kansas and adjacent states. 

Little is known about the regional geohydrology of the Ar- 
buckle Group, either as an individual unil or as it relates to 
other rock units. Also unknown are the ultimate effects of 
continued large-scale injection on the hydraulic and physi- 
cochemical characteristics of the aquifer and the potential 
lor contamination of overlying freshwater aquifers and 
those parts of the Arbuckle that contain freshwater. 

In 1 976 a cooperative program between Ihe U.S. Geo- 
logical Survey and the Kansas Geological Survey was be- 
gun. The purpose of the study was to determine the region- 
al geohydrologic characteristics ol Ihe Arbuckle Group to 
Include definition of flow patterns In the Arbuckle and in re- 
lation to other overlying units, determination of hydraulic 
parameters In the various units, and determination ol re- 
gional chemical quality. Test data procured from oil explo- 
ration companies are being analyzed to accomplish this ob- 
jective. 

Additional funding to the Kansas Geological Survey be- 
came available In FY 1979 and FY I960 lor the purpose of 
the test drilling and installation of deep monitor wells. This 
funding was matched and Increased by the U.S. Geological 
Survey, the U.S. Army Corps of Engineers, and the Kansas 
Department of Health and Environment; the project was ex- 
panded lo Include determination of hydrologic properties of 
Ihe Arbuckle and other units by drilling at specitic locations 
We were not involved professionally in any aspect of the 
Arbuckle projecl when It was originally funded. 

However, we realized that valuable petrologic and geo- 
physical data could be obtained if these holes could be 
deepened by about 100 m lo penetrate the crystalline 
basement. Four drilling sites were selected. Three of the 
(our sites were selected so that, in addition to the hydrolog- 
ic study, basement rock samples and geophysical data 
could be obtained Irom the same holes. Two ot the sites 
were located above intense, circular magnetic anomalies, 
the third was located In a region where sparse well control 
Indicated a terrene of silicic volcanic rocks in the basement. 

We received funding from LASL and the U.S. Depart- 
ment of Energy (DOE) to deepen the first two holes, recov- 
er core from the basement, and perform high-quality heat 
flow measurements in the holes. Funding was also re- 
ceived from a separate LASL contract to deepen the third 
hole; however, severe circulation problems developed with- 
in the Arbuckle Formation before the piggyback' experi- 
ment could begin. All of (he money from that contract was 
returned to LASL. 

Cost of Drilling Operations 

A contract was awarded in September 1979 in the 
amount of $444,701 for work to be performed at the first 
three sites. A second contract, in Ihe amount of $129,341 
for work lo be performed at the fourth site, was awarded in 
April 1980. Seventeen drill-stem tests were completed for 
the purpose of determining the hydraulic relationships be- 
tween the Arbuckle and other major overlying aquifers. 
Three cores of Ihe Arbuckle were collected In addition to 
the basement cores, and these are currently being ana- 
lyzed under a third contract . A complete suite of geophysi- 
cal logs, Including vertical flow determinations, were com- 
pleted at each site. Also, acoustical televiewer photographs 
were taken over selected Intervals at three sites. Water 
samples have been collected at three sites and are under- 
going complete chemical analyses, including determina- 
tions for age dating with lithium, bromine, strontium, deute- 
rium, carbon 14, and trilium. 

The Increased Incremental cost of approximately $9000 
per hole for coring In the Precambrian section of two holes 
Is included In the above figures. Most of the preliminary sci- 
entific results reported here are a direct result of this small 
additional expenditure, thus demonstrating the value of 
'piggybacking. 1 

Geologic and Tectonic Framework 

The Mldcohtinent portion of North America la the most 
stable part of the continent, tectonically. The region Is rela- 
tively aselsmlc, and there has been ho significant deforma- 
tion of the crust since at least the Late Paleozoic. The ma- 
jor tectonic elements ot this region are (1) the southern ex- 
tension ol the Central North American Rift System 
(Mldcohtinent Rift; Mldconllnent Geophysical Anomalyi Fig- 
ure 1); (2) the Nemaha Ridge; and (3) the Central Kansas 
Uplift.. : 

The Central North American Rift Syatem [Ocala and . 
Meyer, -1973; Chase and Gilmer, 1973] can be traced from 
cenlraj Kansas across southeastern Nebraska, Iowa, and ,• 
Minnesota to jls outcrop area, In (tie Great Lakes region, ' 
The rfft Is marked by pronounced gravity and magnetic 
anomalies [King andZietz, 1971; Lyons, 1950;! Thiel,' 1 950] 
and Is underlain by mafic Igneous rooks, mostly basalt and 
gabbro, and arkoalc sedimentary rocks. The feature Is gen- 
erally regarded as an abortive continental. rift which oc- 
curred about 1 100 m.y. ago [QokJfch et al„ 1961;; Silver 
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Fig. 1. Regional structural uplifts In iho Kansas vicinity. Drill 
silos are numbered in chronological order of drilling. The Mldcon- 
tlnont Geophysical Anomaly 19 denoted by MGA. 


and Groan, 1903. 1972, Gotdich ol al. 1066; Chaudhuri 
and Fauro, 1007; Van Schmus. 1971). 

Tho Nomahn Ridgo la a striking tectonic feature which 
was Intermittently nclivo during Paleozoic lime. II is certain- 
ly a major crustal fracture zone, for mylonilized basement 
rocks have been brought up from within It, and cataclasis is 
a common feature along its extent from northeastern Kan- 
sas info Oklahoma [Bickford et al., 1901 ]. The fault zone is 
uplhrown on Iho western side, forming the feature known 
os the Nemaha Hrdgo. The eastern flank of the Nemaha 
Ridge Is bounded by tho Humboldt Fault Zono, which has 
minor microenrthquuke activity [Stooplos ot al. 1979]. 
Enrlhqunkos as largo as Modified Mercnlli Intensity Vlt 
have occurred along tho Humboldt Fault Zone in historic 
time [DuBois and Wilson, 1978) 

Tho Central Kansas Uplift (Figure 1) is a broad region in 
which basement rocks hove been moved upward and 
which is characterized by fault zones and cataclasis The 
feature is evidently coextensive wilh the Cambridge Arch in 
Nebraska Although the Cenlral Kansas Uplift was active 
during iho Paleozoic, little is known about its Precambrian 
history. A relatively high tevel of microearihquake activity 
i (more than 20 events per year larger than magnitude 1 ) oc- 
curs along this structural trend [ Steeples . 1980). 

The crystalline crust in the Midcontinent is buried under 
about 1000 m of sedimentary rocks and is thus mostly 
known from studies of numerous drill holes [ Muehtberger ot 
at. 1966; Goldich et at, 1966; Lidiakelal.. 1966; Lidiak, 
1972. Bickford et at, 1 979; Bickford et at, 1 981 . Kisvar- 
sanyi. 1980]. The crust in this area is notable for its pre- 
dominantly granitic composition. Mafic rocks ate rare, and 
melamorphic rocks, though present in many places, are not 
abundant. A major feature of the crystalline crust in the 
‘ Midcontinent is its division into a northern lorrano. consist- 
ing of somewhat deformed and sheared granitic rocks and 
lesser amounts of melamorphfc rocks that occur in northern 
Missouri, northern Kansas, and Nebraska, and a southern 
te/rane totally dominated by silicic volcanic rocks and asso- 
ciated epizonaf granitic plutons. The southern terrene can 
be traced from northern Ohio across Indiana, Illinois, south- 
ern Missouri, southern Kansas, and Oklahoma into the 
Texas Panhandle. Qeochronologfcal studies [ Bickford el at., 
19Bt; Denison et at. 1981] indicate that the northern ter- 
rane is generally older, with many rocks yielding ages of 
1640 m y. (U Pb. zircon) to 1740 m.y. (Rb-Sr). whereas the 
southern terrane varies In age trom about 1475 m.y. in the 
SI. Francois Mountains of southeastern Missouri [Bickford 
andMose. 1975] to about 1380 m y. in southwestern Mis- 
souri. southeastern Kansas, and Oklahoma [Bickford and 
Lewis. 1979: Bickford et al. 1901) 

Lying upon the crystalline crust in the Midcontinent re- 
gion fs a section ol sedimentary rocks ranging Irom about 
150 m in thickness over parts of the buried Nemaha Ridge 
to as great as 2 to 3 km thick in basins such as the Hugo- 
lon Basin of southwestern Kansas and northwestern Okla- 
homa. Tho overage thickness of the sedimentary rock sec- 
tion in eastern Kansas where nur drilling projects wore 
dono is about t km. The rocks range in ago from Late 
Cambrian to Pnnnsytvanlan or Permian in eastern Kansas, 
but there is a thick Cretaceous section in cenlral Kansas, 
and rocks ol Tortmry age occur on tho western plains. Pa- 
leozoic rocks in (he Midcontinent region are mostly marine 
fn origin and aro dominated by carbonate units and shale. 

Sclanllfto Results 

The authors had significant Input as to the location of the 
holes, and their sites were chosen to maximize potential in- 
formation from the basement, subject only to the general 
suitability ol the location to the primary mission of the drill- 
ing project, i.e.. the hydrologic study of the Arbuckle. The 
legal descriptions and ioca Ilona of holes drilled are given in 
Table 1. 

Drilling et fhe first hole (Miami County) was completed on 
December 10. 1979. Approximately 8 m of 6.7-cm-diameter 
core ot fresh granite were recovered Irom a depth ol 658 to 
i, ; 666 m. This hole was located on a sharp 1000 -7 circular 

aeromagnelic high, shown as ideality 1 on Figures 1 and 2, 
The second Hole (Douglas County; locality 2 on Figures ' 
i ; 1 and 2) was also located on a circular magnetic high wjtfi 

H - • ; , V : v .. > 
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an amplitude of about 1 100 y; drilling was comply on 
March 19. 1900. Three meters of tO-cm-diameterraraof 
fresh granite were recovered from a depth 
The 3 meters represents only 58% recovery of the 5.2 me 
tars cored. We were very fortunate not to tose of ,hs 
core, as it started slipping out of the core I Jarrel 1 during ^ the 
trip up Ihe hole. The core catcher barely hooked the rare 
again and prevented disaster. We were not charged for the 

core that was lost. , . . . 

Two additional holes (localities 3 and 4 on Figures 1 and 
2) were drilled to depths ol 1117 m and 554 m, respective- 
ly. Severe lost-circulation problems developed on both of 
these holes wilhin parts of Ihe Arbuckle Formation, ana 
drilling was halted at that depth because ihe primary objec- 
tive of the drilling had been met. Penetration of Precambri- 
an basement at sites 3 and 4 would have cost an additional 
(possibly very large) undetermined amount of money. 

The scientific date we expect to obtain from the drill core 
and from the geophysical measurements Include the follow- 
ing: age, petrography, major and trace element chemical 
composition, density, and remanent magnetism ol the rocks 
encountered; heal llow; and heat production ol Ihe rock 
material. The holes into basement can be made suitable for 
hydrofraclurlng experiments to measure In allu stress, pro- 
vided future funding becomes available. The holes will be 
available to other scientists for other experiments within 2 
years. Interested Individuals should contact the authors of 
this report. 


TABLE 1. Legal Description ol Drill-Hole Locations In Kansas 


Location 


Douglas County 


Lnbette County 


Miami County 


Saline County 


SE V« m V 4 NW V, Sec.13, 
T12S, RI7E 
Center ot SE V 4 Sec.22, 
T3JS, R20E 

SE V 4 SW V 4 SE Vj Sec. 18, 
T18S, R23E 

SW V 4 SW V„ SW V 4 Sec.32. 
T13S, R2W 


Geothermal Gradients 


Preliminary thermal logging has been performed on all 
four holes by personnel from David 8lackweH's laboratory 
at Southern Methodist University. The thermal logging 
equipment was not capable of reaching the bottom of the 
holes, so these date should be considered preliminary, 
pending results from deeper logging. Samples of core or 
well-cullings have been sent to Blackwell's laboratory for 
thermal conductivity measurements. The following geother- 
mal gradients have been measured to date In the four 
holes drilled on tills project: 


Location 
Douglas County 
Labette County 
Miami County 
Saline County 


Gradient 

30.3'C/km 

28.5”C/km 

36.0’C/km 

30.7’C/km 


A final report on thermal logs and heat llow at these sites 
is available Irom the authors or from Blackwell. 

Preliminary data Irom Blackwell indicate an unusually 
high rate of radioactive heat generation, about 1 1 heat gen- 
eration units, In the core from the Miami County hole, com- 
pared with the 5 to 6 heat generation units for typical gran- 
ites. 


Petrographic and Isotopic Studies 


The rock samples recovered Irom coring of Precambrian 
basement at sites 1 and 2 were studied by Bickford and 
Hoppe 01 ,he isotope Geochemistry Laboratory 
of the University of Kansas. The results are briefly summa- 
rized below: 

Petrography. The composition and texture of the rock 
from Site 1 (Miami County, Kansas; sample MI-4) was de- 


Re: 'Hydrology' 


R. L. Nace In 'Hydrology Comes of Age' [Eos, 61 (531 
1900), did not mention one rather important contrlbution to 
IHD made by the U.S. Work Group on Education and 
Training. 

In 1965 the U.S. National Committee for the IHD eateb. 
llshed a Work Group on Education and Training, whlcW 
emphasized by the U.S. delegation at the 1967 IUGG con- 
ference. A detailed outline of a ‘Hydrology and Water R* 
sources Syllabus’ was developed by L. L Kelly of the US 
Agricultural -Research Service and presented to theU.S. 
committee In draft form. 

The work group continued to work on the syllabus until 
1970, refining and cross referencing entries until a rather 
complete document was produced. The late Leo A. Heindi. 
executive secretary for the IHD committee, took a special 
Interest In the ‘Syllabus’ as a method of focusing attention 
on the world's need for bringing hydrology Into global per- 
spective. 

Approximately 3000 copies of ‘Hydrology and Water Re- 
sources, a Syllabus of References for the Water Environ- 
ment were printed by the National Academy of Sciences In 
1972 and distributed worldwide through UNESCO. 

It is my understanding that several of the important IHD 
training programs conducted in several countries used ihe 
subject syllabus as a reference, especially for identifying 
free literature available from the United States Government 
Printing Office. 


Joseph M. Kennedy 
GRI Operator Corporal 


termlned from study of 20 thin sections taken at even inter- 
vals along the 8 m of the core. The rock Is coarse-grained 
granite and is composed essentially of microcllne-perthite. 
plagioclase, quartz, blotlte, and minor muscovite. Sphene. 
commonly somewhat altered to leucoxene, and magnetite 
are abundant accessories, and zircon, apatite, pyrite, end 
fluorite are also present. The rock is not foliated, and the 
presence of large megacrysts of microcllne-perthite Is nota- 
ble. 

We made six thin sections from the 3 m of core recov- 
ered at site 2 (Douglas County, Kansas; sample DG-3). 
This rock Is also granite, and It Is mineralogically almost 
Identical to the sample from Miami County. The principal 
difference between the two samples is that DG-3 Is meoum 
grained and lacks the large microcllne-perthite megacrysts 
which characterize the Miami County core. 

Isotopic Studies. We measured the U/Pb ages ol zir- 
cons from both cores by standard methods of Isotope dilu- 
tion and mass spectrometry. Both cores yielded an abun- 
dant zircon separate, so we were able to obtain a ntjjjW 
of zircon fractions of varying U/Pb ratio for analysis. There' 
suits of these age determinations are shown in Figure 
and 4, in which ihe data are plotted on ‘Concordia dia- 
grams [Wetherill, 1956]. 

We analyzed six zircon fractions of the Miami Cow 
core, obtaining an age of 1361 ± 6 m.y. (1 <*). a™ 
con fractions from the Douglas County core, obtaining 
age of 1339 ± 12 m.y. (1 ir). These ages are signing 
lower than any previously determined from the 
an of Kansas or Missouri. Our previous studies havey 
ed ages of about 1630 m.y. for cataclastlcally det0It ^L [I1 
granitic rocks and a single sample of rhyolite IromfW 
Missouri and Kansas, about 1460-1475 m.y. ro f f0 r . 
the St. Francois Mountains of southeasten 
Isolated plutons in northern Kansas and Missouri, ano 
1380-1400 m.y. for rhyolites and eplzonai 9 ranlt ® s i kfaf)0 . 
southwestern Missouri, southeastern Kansas, ana 


southwestern Missouri, southeastern 
ma. 
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The fact that both cores were obtained from drilling on 
Denounced magnetic anomalies, that both are mineralogi- 
cally similar and contain rather abundant magnetite and 
sphene, and that both yield U/Pb ages from zircons that 
are In the range of 1340-1360 m.y. and are younger than 
other Precambrian rocks in this region suggests that these 
rocks are representatives of a suite of Late-Middle Protero- 
zoic Intruslves that have distinctive mineralogy and geo- 
physical properties. This contention is borne out by some of 
our studies of other basement samples. These are summa- 
rized below: 

1 . Core from Jackson County, Missouri. Rock Is gran- 
ite that contains abundant magnetite and sphene; texture 
and essential mineralogy similar to Miami County and 
Douglas County, Kansas, cores; U/Pb ags of zircon suite: 
1365 i 10 m.y.; drilled on large, circular magnetic anoma- 
ly. 

2 . Drill cuttings from Riley County, Kansas. Rock Is 
granite but does not appear to have the abundant sphene 
and magnetite that other samples do; drilled on weak but 
distinctive circular magnetic anomaly; U/Pb age of zircons: 
1378 ± 4 m.y. 

We have not yet determined whether this suite of rather 
distinctive plutons has a distinguishing major element or 
trace element chemistry, but that will be one of our Immedi- 
ate goals. 

Administrative Problems 


Problems In Obtaining Piggyback Funding 

The problems we encountered In obtaining the relatively 
small ($30,000) additional amount of funding needed to re- 
cover core of Precambrian rocks in two holes and perform 
high-quality heat flow measurements in four holes under- 
score Ihe need for an official CSDP effort complete with 
funding. The original drilling money ($225,000) for the Kan- 
sas Geological Survey for the Arbuckle Project was appro- 
priated by the 1978 Kansas Legislature. This was matched 
by USGS Water Resources Division, Kansas District, dollar 
lor dollar, then increased by a few thousand dollars to pro- 
vide the total funding needed. The Kansas Department of 
Health and Environment and the Kansas City District of the 
U.S. Army Corps of Engineers contributed additional funds, 
bringing the total to about $570,000. 

When the hydrologic drilling program was first proposed 
(n 1976, we realized the possibility of drilling Into the base- 
ment to obtain additional scientific information at a relative- 
ly small additional cost. It was not until the 1978 legislative 
authorization occurred that formal attempts were made to 
secure funding for additional experiments. While in retro- 
spect we could have started our efforts to find additional 
funding earlier, the funding for the drilling phase of the Ar- 
buckle Project was In doubt until the final days of the Kan- 
sas legislative session (April 1978). 

Once initial funding of -the Arbuckle Pro|ect had been au- 
thorized, efforts to raise money to drill 60-100 m deeper to 
reach the Precambrian rocks and obtain bottom-hole core 
ware begun. Several agencies were contacted by tele- 
phone prior to sending formal proposals to the National Sci- 
ence Foundation (NSF) and to the National Uranium Re- 
source Evaluation (NURE) program of the Department of 
Energy. The drilling did not fit the NURE mission closely 
enough, so the proposal was turned down by NURE re- 
viewers. 

The proposal submitted to NSF Involved considerable 
additional cost for hydrofracturing in the Precambrian to 
ro«a8ure in situ stress In two holes, for recovery of oriented 
com Irom the Precambrian, and for heat flow measure- 
ments. The total amount of the proposal was approximately 
5145,000, admittedly a large sum for NSF. The proposal 
was interdisciplinary In nature, encompassing aspects of 
geology, geochemistry, geochronology, petrology, and geo- 
physics. NSF did not fund our proposal. The consensus of 
J* reviewers’ comments was that the scientific goals of our 
Proposal were sound and that 'piggybacking' was a deslr- 
J D ® way to minimize the costs of obtaining basement rock 
®jroples. However, most of the reviewers questioned 
wither the scientific return expected was worth the cost. 

At this point we were discouraged, and we suspected 
Jnat the opportunity to obtain basement rock material and 
geophysical data would be lost. Several months later, how- 
rwik® oo,lea 9 U0 al another university suggested that the 
S I aoT 01 Dlvls| on of DOE and the geothermal program 
ly might fund part of our proposal. LASL subsequent- 
aK SS? about $9000 for drilling, and DOE provided 
rout $20,000 for drilling and heat flow measurements. All 
ner Proposed experiments were deleted from the project. 
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Necessity for Timely Administrative Action 

Strong arguments can be made for the necessity of gen- 
eratlng Invitations for bids (IFB's) and awarding contracts 
for expansive undertakings such as reported here. The au- 
thors have no qualms about such requirements when 
scheduling Is not a problem and Ihe work can be accom- 
plished in a routine manner. However, there are many oc- 
casions when money and time could be saved if the sys- 
tem were more flexible, i.e., consideration should be given 
to allowing for unique circumstances that frequently arise. 
Two examples encountered In this program may help to 
clarify the problem. 

The first drilling site was originally drilled as a private 
minerals exploration test. When the company was prepar- 
ing to plug the hole, the opportunity was presented to (lie 
U.S. and Kansas geological surveys to take over the hole. 
The authors and U.S.G.S. personnel determined that work 
consisting of running drill-stem tests, logging, coring of 
basement rock, Installation ot casing, and conversion of the 
hole into a monitor well could have been done with the rig 
already on the site for approximately $40,000 to $50,000. 

However, the time required to Issue a sole-source con- 
tract precluded the possibility of retaining the rig. Conse- 
quently it was necessary to generate an IFB and award a 
contract, a process that took several months. 

Potential bidders had trepidation about reentenng an ex- 
isting hole, and this concern was mirrored in the bids (hat 
were received. Quotes on the reentry alone were equiva- 
lent to costs that could be expected in drilling a new hole 
The costs for the portion of the contract that was awarded 
for site 1 were about $100,000. at least twice as much as 
our estimate of costs had we used the rig that was in place 
at the site. 

The second example occurred with regard \o site 2. As 
work was proceeding, a private concern offered to contrib- 
ute about $30,000 for 150 m of additional basement drilling 
and testing. Since this additional work was not outlined in 
the original contract, we attempted to negotiate a sole- 
source contract to allow the contractor to drill deeper. We 
found that the time necessary for price quotes and other 
paperwork was excessive, especially considering that rig 
expenses while waiting for a contract were In excess of 
$1 00/hour. On the other hand, if additional basement drill- 
ing was put off until the original contract was completed 
and the rig released, it would have been necessary to write 
a new IFB and award a new contract. Al that point the 
available funds would not have been sufficient because of 
remobllizatlon costs for the drilling rig. Again, largely be- 
cause of lengthy administrative requirements, the work 
could not be accomplished. 

Recommendations 

To Potential Investigators 

1 . it is obviously advantageous to plan as far ahead as 
possible and to contact many prospective funding agen- 
cies, aa well as fellow scientists. 

2 While there may not be a practical upper limit on the 
number of scientists Involved In experiments on a projeol. It 
Is clear that one particular IndMdual must have the author- 
ity for Immediate on-site action or reaction to problems that 
arise Including the cancellation of entire experiments II ad- 
verse or unusual conditions warrant such action. 

3 We found Ihe services of an experienced drilling con- 
sultant to be Invaluable during the planning stages of our 
project, since neither of the authors had drilling experience 
on holes deeper than 300 m prior to this project. . 

4 Obtain cost estimates from private Industry and then 
double them for budgetary planning. Thai combMor .of 
lag-time between planning and drilling, ^lal'on. and gov- 
emment lawyers’ insistence upon a contract hat rigidly 
apeolfled drilling performance resulted In costs to us ap- 
proxlmately double thpse available to private Industry. 

To Funding Agencies 

• to LASL. It is nqt dear what would 

S«WhS.»l an the LASL money trying *0 

reoaln droulatlon without obtaining Ihe desired core. • 

■ t : 3 Proposals lor drilling or 'piggybacking P r °i®^ 0 . 
ahull iid Kfe'revtewsd by ® special Interdisciplinary panel that 

femllter wtthjleep . 


drilling and its risks of failure. Although NSF did not fund 
our proposal, we were pleased that they convened a spe- 
cial plenary session of their review panels to consider our 
proposal. 

To Legislative Bodies 

1. We are among those in the scientific community who 
believe thal a well-funded CSDP would be a good invest- 
ment in future energy and mineral resource evaluation. The 
scientific results would assist in development of a realistic 
framework upon which to base future exploration by indus- 
try. 

2. A scientific piggyback drilling fund should be avail- 
able somewhere in Ihe federal government (preferably 
NSF). Administratively, NSF could fund projects involving 
drilling and related Interdisciplinary studies, but the money 
involved would have to be diverted from other research 
normally supported by Ihe programs of Ihe Earth Science 
Division. 

3. Flexibility needs to be built into the contracting proc- 
ess In several areas: 

a. The capability to take over 'holes-of-opportunlly' from 
industry with a couple of days' notice must be Incorporated 
Into the CDSP In order to take advantage ol the many 
thousands of feet ol 'free' hole occasionally made available 
by industry. Controls on this process must be maintained 
by a highly qualified scientific board >aiher than by a staff of 
accountants and lawyers. As a direct result of our experi- 
ence In this project, the Kansas Geological Survey has re- 
ceived special authorization from the state of Kansas to 
take over wells Irom Industry and drill deeper or perform 
experiments. Authorizations are made on a case-by-case 
basis by telephone, with the constraint (hat we must have 
sufficient funds in the budget to cover the expected costs of 
the additional drilling or experiments. The koy to n success- 
ful piggyback drilling program In a long-term sense is the 
capability to act or react spontaneously and almost instan- 
taneously to opportunities. 

b. The capability to modify existing contracts rapidly to 
take advantage of 'bottom-hole money' offered by private 
industry must be Incorporated into the contracting proce- 
dure. 

c. The differences in drilling rates charged to govern- 
ment agencies, compared to those charged to private in- 
dustry. are unacceptably high. A thorough study of compar- 
ative contractual practices is needed to determine the exact 
reason for this rate differential. 
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News 


P78-1 Satellite Status 


The P78-1 satellite was launched on February 24, 1979, 
into a 580-km sun-synchronous polar orbit. This U.S. Air 
Force Space Test Program mission is currently operallonal 
and continues lo collect important earth and solar-related 
data. 

Gamma ray spectrometers supplied by Lockheed (Palo 
Alio) measure sources with excellent spatial (« 100 km), 
spectral (3.5 keV FWHM al 511 keV), and temporal resolu- 
tion (32 ms). Characteristics of energetic particle fluxes in 
Ihe vicinity of Ihe satellite are also monitored by Lockheed. 
Cosmic y ray bursts have been observed with fine energy 
resolution. Mappings have been made of several brems- 
strahlung X ray events resulting from electron precipitation, 
events which varied strongly with lime (flux changes by 1 -2 
orders of magnitude In 5-10 s) and which extended coher- 
ently over distances of several hundred kilometers. Energy 
spectra of precipitating electrons have been observed with 
peaks as narrow as 20 keV, suggesting wave-particle inter- 
actions with waves of very narrow bandwidth (< 1 kHz). 

Collimated (20 and 60 arc sec FWHM) and uncollfmated 
X ray spectrometers of The Aerospace Corporation and the 
Naval Research Laboratory (NRL) record solar active re- 
gion and Hare data with high spectral (a/AX - 10 3 ), tempo- 
ral (32 ms), and spatial resolution. About 200 solar X ray 
lines have been observed. Coronal Hare electron densities 
(a 2 x io 12 cm' 3 ) and temperatures (2-20 x io a K), dif- 
ferential emission measure, Ihe number of electrons (£ 2 
x 1 0 38 ), and the plasma volume (s 2 x 10 26 cm 3 ) have 
been determined wilh high time resolution (~ 1 min). The 
spatial extent oi solar active regions and Hares has been 
determined from monochromatic X ray maps (a 20 arc 
sec). An NRL white light coronagraph monitors the plasma 
outflow In the sun's outer corona and Into the solar wind. 


Frequent transient mass releases ol up to 10 1 3 kg of solar 
plasma at radial velocities of up to 10 3 km s _l have been 


observed, widely distributed in heliographic latitude. 

An aerosol monitoring experiment provided by the Uni- 
versity ot Wyoming measures the vertical extinction caused 
by aerosols and the concentration of ozone In the earth’s 
stratosphere. A springtime blanket of aerosols in the 
boundary layer over the north polar cap of the earth has 
been discovered. 

An NRL/Los Alamos X ray payload is used to monitor the 
frequency and location of cosmic X ray bursts. The Intensi- 
ty of known cosmic X ray sources as well as of auroral X 
rays is also recorded. Electrons In hlgh-latltude auroral 
zones during magnetic storms and even quiet limes are 
also delected by an Air Force Geophysics Laboratory pay- 
load. Discrete arcs and diffuse forms have been observed. 
Finally, a U.C. Berkeley EUV spectrometer Is used to mea- 
sure the intensity, spatial distribution, and time variations of 
radiation in the upper atmosphere. High-resolution spec- 
troscopic studies of EUV nightglow, EUV airglow from the 
South Atlantic Anomaly, and tropical UV arcs have been 
made tor the first lime. 


This news item was written and submitted by Peter Lan- 
decker ol the Space Sciences Laboratory at The Aero- 
space Corporation, a 


Volcano Activity Increases 


J™"*™.* lh8 Paci,lc Northwest may be 
entering a period of heightened activity, reports the U.S 
Geological Survey. Seismic rumblings also have Increased 
ateng the northern part of the San Andreas fault, Indicating 

re8 f° n3e t0 these stirrings, ° 
? expand ,ts v0,cano monitoring, hazards 
mapping, and risk management. a 

lnc ' u , d0S ,our new slarts scheduled for 
"« sal y® ar ' according to Roy A. Bailey, coordinator of 
the Vokiano Hazards Program at the USQS National Cen- 
^iSL? 03 ?! 1, Vlr ^ n * a ' Monitoring equipment will be In- 
on Mount Ranter (Washington), Three Slaters (Ore- 
9 ). Lassen Peak (California), and Mono-Inyo (California! 

!irr ,or soverai ™ 

sssass 

lorlng systems, Bailey said y ar s plans for mon| - 

8t r 1 - 

tee within Mount Baker’s SherS rlLto ? n F of 9 ,aclal 
ado. 'These changes are e! 0 more ,han 8 dec - 

lly Ol the earth'8^ 8 8 ™ a KoLrt F 9 wi! ClUre ? lnslabi| - 
mi lor Ihs USQS Offlca ol EWhb,?i; a, 0 "? 08 ' chl8( 8d8n - 
Partt, California. Ear1hquak8 Studies In Menlo 
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worth, Allan G..LIndh, and William H. Prescott recenih/ 
completed an historical study of San Francisco quakes 
Herd suggests that the recent return of magnitude s 
quakes may forecast the reappearance of magnitude So, ? 
quakes In Ihe Bay area as stress accumulates, eventual 
leading to the next magnitude 8 shaker. The USGS lean?* 
calculations, based on geologic and geodetic evidence 8 
suggest that the next great quake won't be this century - om 
return Interval of magnitude 8 quakes along the northern 
part of the San Andreas fault is between 130 and 190 
years, they estimate .— BTR ft 


Energy Predictions 


The course of action In energy and science policy Is ex- 
ceedingly unclear now that the pervasive 'free marker phi- 
losophy of the Reagan administration conflicts with past 
practices, but a number of new revelations about the funda- 
mentals of strategic minerals are emerging. For example 
estimates of the energy demand projected for the United 
Slates to the year 2000 have suddenly been scaled down- 
ward by about 20% In numerous published reports. The 
Department of Energy recently revised its Year 2000 Ener- 
gy Demand downward by 20 Quads, to 102 Quads (1 
Quad = 10 16 BTU, which multiplied by 252 equals eate- 
ries). Other estimates within and outside of the federal gov- 
ernment range as low as about 60 Quads for the demand 
In 2000. 

This outcome makes It apparent that while there Is new 
optimism about obtaining solutions to the energy and re- 
source problems, the solutions may not be those proposed 
by the administration to Increase supply. Conservationists 
are entering the fray with studies and estimates of their 
own, as witnessed by recent reports by the National Audo- 
bon Society, the Mellon Institute, and many other groups 
Historically, the Inertia! swings of supply and demand of 
resources have been damped by increased productivity, 
with or without the support of the federal governmenl. A 
good example was described recently by P. J. Kakels, In a 
paper titled 'Iron Ore: From Depletion To Abundance' (Sci- 
ence, 212, 132-136, 1981). Kakela quotes a passage from 
the December 1 945 issue of Fortune magazine about tha 
World War II depletion of Iron ore reserves In the Mesaki 
Range: 

Out of this tiny strip the steel-age economy has 
sucked like milk from the earth mother's breast, by far 
the largest portion of the principal food out of which its 
bones and muscles have been built: its machines and 
tools, Its buildings and bridges, its railroads and auto- 
mobiles and generating plants. Blasted and gouged 
from the strip’s awesome open pits and scattered un- 
derground mines came a full two-thirds of the Iron ore 
for the 400-odd million tons of steel out of which ihe 
U.S. fashioned the war plants, ships, planes, tanks, 
guns, bombs, and shells of World War II. 

In projections for these final two decades of the 20ih 
century, Iron Is not even listed with the strategic minerals m 
critical supply (aside from fos9ll fuel mineral resources, 
nontuel reserves of the ores of Tl, Cr; Mn, Co. end Plate 
considered In critical supply and the supply Is vulnerable - - 
Science, 212 ; 304, 1981). The point Is that supply w* 6 con- 
sidered the driving factor. The Reagan administration’s ap- 
proach to the energy problem is similarly locused on In- 
creasing the supply to meet the growing demand, but of 
course the Reagan plans Include only the free-marWH^ 
ence without government assistance; particularly without 
regulation. Now, the picture of the U.S. energy demanaap- 
pears to be very different than It was even a few monlhs 
ago. More careful analyses from many sources suggest , 
that total demand will be reduced steadily through tn® n» 
two decades by conservation, especially by Improved*^ 
clency of converting fossil fuels to usable heat and energy- 
and by the Improved development of renewable en0 ^)I 
sources. New terms such as ‘low-energy policy' are f* ,n 8 
used widely. For example. L. Emleer states 

■ . . least-cost strategy . . . you'll be hearing that- 
phrase more often. The . . . well-crafted studies are 
making remarkable Inroads Into traditional thinking® 
energy matters. Even Reagan’s Insider, Office olMM 
agament and Budget director David Stockman, snajry 
ored with well-turned phrases has sprinkled "least 
strategy" through soma recent speeches. And big • 
companies, more enamored with the bottom llnj sw*. 
the clever phrase, also have begun to pay heed.--- 
[Chem. Eng. News, April 20, 1981]. a iinguM- 

The free marketplace affects the supply, and Vt **7?, 
prices to float to high levels it also lowers demand- 
supply will be supported for tha short run by new 
tlon (U. S. Qeol. Surv. Open-File Rep. 81-92, 
the longer term, the lowering of demand offers a n |Jugff* 
expected way out of the dilemma. Part of the reas^Mn 
the low-cost, low-energy predictions have met a 
response lately Is that the demand, as Judge?*. by£»| 
gasoline, has begun what could be a long-term 
the United States and elsewhefe. Improved. 

. already begun to affect, the transportation sectp/i 1 ^^^^ 
' n °t unrealistic to expept that it will affect ' heat I ng -a)^^^ 
an d electrical generation plants; . , • ■ ; ■ 

According to reports cited by iR, A. Kem 
> 427-429, jggi j; both bure Statistical and 
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lar wind geothermal, breeder-reactor, fusion/nuclear, and 
men biomass have been downgraded for the short term 
but now appear to have gained validity as prospects for the 
Iona term. In each instance, significant technology gains 
are' required to bring the renewables on-line (except for hy- 
dro) but predictions now are that the gains will be made. In 
most Instances the Increases In supply of renewable ener- 
<w resources over the next 20 years are expected to be on 
the order of 300% of what they are today .—PMB SS 


AGIO Gets New Home 


Geophysical Events 


OSCAR: The Acid Rain Project 


The Environmental Protection Agency and the Depart- 
ment of Energy are Jointly undertaking a project to evaluate 
the causes and effects of precipitation caused by coal 
smoke In the atmosphere. OSCAR (oxidation and scaveng- 
ing characteristics of April rain; Chem. Eng. News, April 
20, 1981, p. 26) Is the acronym for a program to track acid 
rain from its origin to downwind locations. Several aircraft 
and several tens of precipitation samplers are located 
throughout North America to collect data. 

The study is concentrated In an area near Ft. Wayne, 

Ind., an area In a strategic position to receive emissions 
dissolved and otherwise incorporated In rain thought to 
originate from the coal-burning plants In the Ohio river val- 
ley region. Other sites to be sampled are In the eastern 
United States and In Canada. If the plants do Indeed con- 
itibute to the acid condition, this study will document the ef- 
fecl.-PMS ffl 


Lunar Rocks Available for Study 


Lunar rocks and soil samples have been made available 
for scientific examination and for educational study to re- 
seacherc other than the selected few that NASA supports 
as part o! Its primary mission analysis. Universities may 
now obtain on loan exquisite sets of the Apollo samples 
simply by asking. The sets consist of thin-sectlon mounts 
from the lunar sample collection and. as such, constitute 
valuable pieces of a national treasure. The loan of these 
sections carries an unusual responsibility, which is also an 
unusual opportunity. 

The 12 thin sections of each set are from six rocks and 
lour soils selected to provide a reasonable sampling of the 
rangs of materials returned from the moon. A guidebook 
accompanies the thin sections and provides a brief Intro- 
duction to lunar surface features, lunar rock types, and lu- 
nar minerals; it also contains a lunar bibliography. The 
guidebook also describes the thin sections, relates them to 
the rocks or soils they represent, and attempts to fit them 
Into a broad picture of the moon's evolution, what we have 
learned ot it, and what unsolved problems remain. 

There are two thin sections of mare basalts: one is low in 
TI0 2 and Is porphyrlllc, with phenocrysls of olivine and py- 
toxane; the other. Is high Jn TIO g and coarse-grained, with a 
substantial amount of llmentte. There is one thin section ol 
a lunar ptutonlc rock: an anorthosite that has been crushed 
to form a cataclastlc texture. There are three thin secllons 
ol polymlct breccias that result from the fragmentation, mlx- 
ln Q. and heating associated with Impacts on the lunar sur- 
face. Breccias like these comprise the bulk of the rocks that 
occur in the heavily cratered lunar highlands. The three 
breccias represent the range of matrix textures that devel- 
op from Impacts: one contains glass In the matrix; a second 
contains a fine-grained, Igneous-textured matrix typical of 
crystallization from Impact-melts; and the third contains an 
Jpuant, granular-texlured matrix typical of crystallization In 
J 9 *°W state. Clasts In these breccias represent basalts, 
Plutonic rocks, and other breccias. 

There are six thin sections of lunar soil, chosen to dls- 
Ptey several features. Two thin sections are of one graln- 
fraction of two highland soils. One soil Is mature and 
J 1 * In agglutinates and the other soil Is Immature and poor 
1 afljjtetlnaies. Three thin sections are of different grain 
fractions from one mare soil. A range of glass, llthlc, 
r!“ mineral fragments occur In these five sections, which 
together Illustrate differences between highland and 
roare soils as well as variations In components among dlf- 
tJ 9 ? flmin-slze fractions of a single soil. The final thin sec- 
orange glass, an example of a lunar pyroclastic 

There are 32 sets of thin sections available for dtelrlbu- 
oKiai 0ducat l°nal Institutions. At present It Is possible to 
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Albright Award Opportunities 


Phvsirioto^H ? dO20n opportunities are available to geo- 
UnHed c.a, lhe 1 982-1 983 Fulbrtght Awards program for 
rj™ 168 scholars to study abroad. The leoturing and 
the S».mJl v ? rd ? ar ® ,,8ted in a new brochure published by, 

'-'Ouncll (or ntamotlnnal at Qahnlaro Han. 
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The Association of Geosclentlsls for International Devel- 
opment (AGIO), In February, opened new global headquar- 
ters at the Aslan Institute of Technology (AIT) in Bangkok, 
Thailand. Prlnya Nutalaya Is AGID's president. 

Housed in AIT’s geotechnical division, AGID leaves its 
old home In Caracas, Venezuela. The former secretariat, 
under the direction of Allrlo Belllzzla, now operates as a re- 
gional office for Latin America and Ihe Caribbean. A new 
regional office for Africa also has been established at Ah- 
madu Bello University in Nigeria. 

Inquiries about AGID should be addressed to headquar- 
ters: AGID, A9lan Institute of Technology, Box 2754, Bang- 
kok, Thailand. & 


NASA, NOAA Administrators Nominated 


n ®arly any time period that Is convenient for one’s 
jjTv schedule, Information on the thln-sectlon educational 
ES 9 ® or ihe lunar sample program In general can be ob- 
ornm ol Wrltln 9 t0 Ltj nar Thin Section Educational Pro- 
cZLtT* of lhe Curator, SN2, NASA Johnson Space 
PM8 K H ° U8t0n ' TX 77058 or ^ ca,,lng (713) 483-3274. 


President Ronald Reagan recently said he Intended lo 
nominate James Montgomery Beggs as NASA Administra- 
tor and John V. Byrne as NOAA Administrator. These two 
positions are key scientific posts that have been vacant 
since the start of the Reagan administration on January 20. 
The President also said he Intends to nominate Hans Mark 
as NASA Deputy Administrator. At press time, Reagan had 
not designated his nominee for the director of Ihe Office of 
Science end Technology Policy. 

The nominations must receive approval tram Capitol Hill 
before they become effective. This process can take up to 
several weeks. 

Beggs has been executive vice president for aerospace 
and a director of the General Dynamics Corp. In St. Louis, 
Mo. He served wilh NASA in 1968-1969 a9 associate 
administrator for the Office of Advanced Research and 
Technology. From 1969 to 1973, he was Undersecretary of 
Transportation. He went lo Summa Corp. as managing di- 
rector of operations and then joined General Dynamics In 
January 1974. Before joining NASA, he had been with 
Westinghouse Electric Corp. tor 13 years. If confirmed, 
Beggs will succeed Robert Frosch. 

Byrne has held various positions at Oregon State Univer- 
sity since 1960. He was professor and chairman of the 
oceanography department from 1968 until 1972, when he 
became the dean of the School of Oceanography. He was 
acting director ot the Marine Science Center for 5 years un- 
til 1977. He was the dean for research from 1977 Ihrough 

1980. He has been the vice president for research and 
graduate studies since 1980. Byrne also was program di- 
rector lor physical oceanography Irom 1966-1967 at the 
National Science Foundation. If confirmed. Byrne will suc- 
ceed Richard Frank. 

Mark, Reagan's nominee for NASA Deputy Administrator, 
served as Secretary ol the Air Force Irom July 1979 to 

1981 . He had served as undersecretary since 1977. He 
was chairman of Ihe nuclear engineering department at the 
University of California at Berkeley and administrator of the 
Berkeley Research Reactor from 1964 to 1969. He (oined 
the Ames Research Center in 1969. — BTR ft 


Geophysicists 



Refer M. Banks, head of the Utah State University phys- 
ics department, will be presented with the Space Science 
Award of the American Institute of Aeronautics and Astro* 

na &fwaKf S. Epstein has been appointed director ol the 
Environmental Sciences Laboratory of the National Earth 
Satellite Service. Epstein had directed the National Climate 
Program office within the Department of Commerce since 
1978 

John N. Howard retired In late March after 17 years as 
chief scientist of the Air Force Geophysics Laboratory at 
the Hanscom Air Force Base In Massachusetts. He will 
continue to work half-time as senior scientist at Hanscom 
for approximately 1 year. 
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Volcanic Activity 


Mount Si. Helens Volcano, Cascade Range, southern 
Washington. USA (46.20 7 N, 122.18‘W). Atl times are local 
(GMT-8 h). March eruptive activity from Mt. SI. Helens 
was limited to occasional emission of small steam clouds, 
al least one of which contained ash. However, significant 
deformation was measured within the crater, and there was 
a slight Increase In volcanic seismicity during the second 
half oi March. Geologists announced that another eruptive 
episode was likely if lhe deformation and seismic trends 
continued, but none had occurred by SEAN'S April 8 press 
time. 

The U.S. Geological Survey-University of Washington 
seismic net recorded IS bursts of seismicity in March and 
five more bursts during the first 6 days ol April. In the past, 
similar signals have often been correlated wilh episodes of 
steam emission, but because of poor weather, correlations 
with only two such episodes could be confirmed in March: 
a minor puff on March 9 at 1549, and a steam cloud con- 
taining some ash on March 27 al 1441. Newly fallen ash 
(made up of reworked dome material) observed NE of the 
volcano March 25 may have been ejected during a burst of 
seismicity the previous day. 

The seismic net began to delect small, low-1 requency, 
shallow events on Mt. St. Helens on March 21. Fifteen ol 
these discrete volcanic events were recorded by the end of 
March. Numerous aftershocks of lhe magnitude 5.5 tecton- 
ic event, which occurred February 13 about 12 km N ol Mt. 
St. Helens, continued to appear on seismic records through 
March. 

Deformation measurements showed that outward move- 
ment of lhe N crater rampart resumed In March. Between 
March 9 and 17, Ihe rampart moved 7 cm lo lhe N; by 
March 22 II had advanced 6 cm farther northward; and an 
additional 3.5 cm ol movement was measured March 24. 

A newly established leveling net on the crater floor 
showed pronounced uplift near the lava dome, indicating 
that Ihe dome was rising. Increasing crater floor deforma- 
tion was also demonstrated by accelerations in the rate of 
widening ol a fissure from 3 mm/d lo 1 cm/d and (he rate ol 
movement oi a thrust fault from em’d lo 1 crrvd by late 
March. 

Addendum: On April 9 al about 1800. local seismicity be- 
gan to Increase to about one event per hour at first to 
about two per hour after midnight. The U.S. Geological Sur- 
vey-University of Washington team issued an advisory 
about midnight, stating that an eruption was likely within the 
next day it seismicity continued to increase. 

Periods ol constant low-lrequency seismicity became 
more frequent, and by 0230 on April 10. low-trequency ac- 
tivity was continuous. Individual events superimposed on 
this activity had increased lo an average of six to eight per 
hour by 0800 and remained al this level ihrough the day. At 
0821 , a small explosion produced an ash-bearing plume 
that rose to 4.5-km altitude. A light ashfall was reported at 
a ranger station 40 km to the NE. Although clouds prevent- 
ed observation ol the crater, a U.S. Geological Survey heli- 
copter crew could see that this explosion had generated no 
pyroclastic Hows. 

About 1900, the pattern of seismic activity started to 
change. The number o! discrete events dropped to lour lo 
six per hour, but these events were slightly stronger, and 
total seismic energy release briefly stayed about the same. 
However, by midnight there had been a notable decline In 
both the number of events and seismic energy release, and 
by 0200 only one to two events were being recorded per 
hour. Seismicity had essentially ended by 2100-2200 on 
April 11. 

The weather cleared somewhat late April 12, and geolo- 
gists were able to view the crater between 1800 and 1900. 
New lava extended roughly 75 m to the NNW from the pre- 
existing dome (extruded in three episodes in October I960, 
December 1980-January 1981, and February 1981). Tele- 
vision station videotape taken between 1900 and 1930 
showed significant additional lava extrusion. Additional In- 
formation on this episode will be presented next month. 

Information contacts: Don Swanson, Chris Newhall, and 
Susan Russell-Roblnson, U.S. Geological Survey Field Of- 
fice, 301 E. McLaughlin, Vancouver, Washington 98663. 

Christina Boyko, A. B. Adams, Steven Malone, Elliot 
Endo, and Craig Weaver. Graduate Program in Geophys- 
ics, University of Washington, Seattle, Washington 88t95. 

Robert Tilling, U.S. Geological Survey, Stop 906, Nation- 
al Center, Reston. Virginia 22092. 


Etna Volcano, Sfcfty, Italy (37.7TN, 15.00°E>. All times 
are kxal (QMT + 1 h). An eruption of Etna March 1 7-23 
extruded lava from several llssures on the NNW flank, ini- 
tial estimates Indicate that the main flow reached about 7.5 
km In length, leva flows covered an area of about 6 km 2 , 
and about 30-35 x 10° m 3 of lava were extruded at a rate 
of 58-70 nrVs. Damage was estimated al about $10 mll- 
: lion. Of lhe 90 historic erupllona of Etna for which location 
data are available, only three (l6l4, 1764, and 1918) oc- 
curred on the NW or NNW flanks. A detailed description of 
the eruption follows; 

* Etna began to erupt on March 17. after a 2-day swarm of 
about. 600 earthquakes, Including a magnitude 4-6 event 
during the morning of. March 18. On March 17, at l 337} an 
eruption fissure opened ait about 2260 m above sea level 
on the NW flank (near point A, Figure 1), trending approxi- 
mately NW-SE. Laya fountains rose, 1 00^-200 m from this 
: fiB8ureJ and lava flowed rapidly - westward. In the next 4 . , ; 
hours, three more fissures opened' the (Irel and third also, 
trending NW, Ihe second WNW. All atj°wed strong leva , 

1 fountain!!# and were the source of lava flows; As fissures 
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lor rued nl lower nit Kudos, Ihoso hfghor on the volcano 
ceased to be active. 

At 18S5 on March 17. another fissure opened at 1800-m 
elevation on (he NNW flank (E of point B. Figure t). [rend- 
ing NW at its upper end but after a short distance changing 
direction to more directly downslope. A largo lava How that 
originated from this fissure traveled 5 km within 4 hours, 
cut a railroad and highway (at about 730-m altitude) during 
the night, and crossed nnothor railway line and road (al 
about 680-m altitude) early on March 18. The lava do- 
slroyed farm buildings and orchards and passed very close 
to the village of Monlelaguardia, forcing the evacuation of 
Us 250 residents. The (assure propagated downslope to 
about 1300-m altitude at 1130 on March t8. The lower sec- 
tion extruded a small lave How that briefly threatened Ran- 
dazzo (pop. 15.000) but did not force its evacuation. By 
1630, the center of the main flow was more than 1 km 
wide, and its front had reached 650-m altitude, about 
100 m from the bed ol tho Alcantara River. 
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Fig. 1. Sketch map of the summit and N Hank of Etna, the area 
affected by (he March eruption. Point A la Due Ptzzl, point 8 is 
Monte Pomiciaro. Contour interval is 500 m. North is to the right. 
The map was prepared from Carta Geologica del Monte Etna 
(1979), tstituCo Intern azionala di Vuicanologia. Catania, Italy. 


Another Assure opened between 1235- and 1140-m alti- 
tude al 2200 hours, extruding flows that moved toward 
Randazzo. By this lime, (he system of eruption fissures had 
a total length of about 7.5 km. The main flow reached the 
Alcantara River bed (600 m above sea level) on March 1 9 
at 1100 , while the flows extruded from the fissure between 
1235- and 1 140-m altitude continued to advance slowly. By 
noon on March 20, this fissure was characterized by mild 
spatter ejection that continued to feed slow-moving lava 
tlows. Howover. tho main flow had nearly halted. Sporadic 
activity between 1235 and 1 140 m continued March 21-22, 
finally onding during the evening of tho 23rd. The longest 
flow from litis fissure slopped at 900- m olovalion. about 2 
km from Randazzo More than 25 small earthquakes cen- 
tered around the eruption fissures were recorded on March 
23 

Throughout tho period of lava extrusion, moro-or-loss in* 
tense emission of sand- size tephra occurred from the cen- 
tral crater's W vent, enlarging this vent to the W. Strong 
winds caused ashfalls on the N flank March 22. 

Information contacts 1 . Romoto Romano. IstUuto Interna- 
zfonato di Vulcanologia. Vfale Regina Margherita G. 95123 
Catania. Italy. 

United Press International. 

The Associated Press. 


P/ton do fa Fournaise Volcano. Reunion Island. Indian 
Ocean (21.23*3. 55.7 1°E). Atl times are local (GMT + 

4 h). The eruption SW or the summit that began February 
26 continued until March 25-26. 

A new eruption on April 1 was preceded by a swarm of 
local earthquakes, starting at 1923. The seismographs at 
Reunion's volcano observatory registered 72 discrete 
events in Ihe few hours before the onset of harmonic trem- 
or and the start of an eruption at 2141. Observatory per- 
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Fig 2. Map of (he caldera of Piton de La Foumalae. from Krafft, 
M.. and Gerenie. a., LacUvile de Pl(on de ia Fournaise autre oc- 
(obre 1072 et mai 1973; C. ft Acad. Scl. Paris. Sarto D.. 284. 
607-610, 1977. The lava flow of April 1-2 traveled approximately 
Ihe route shown by the arrow. Lave extruded from the vent al A 
reached B during the night of April 1-2 and about point C by Ihe 
afternoon ol April 2. 


sonnel reported that lava extruded from a vent in the north 
central area of Ihe caldera (point A on Figure 2) about 3 km 
ENE ot the aummlt, Bowed toward the N caldera wall, and 
reached point B during the night. By the early afternoon of 
April 2. the flow front was at point C, at 300-m altitude and 
about 1 km W of the coast highway (R.N. 2). but the lava's 
rate of advance had slowed considerably. 

Information contacts: J. L. Le Mouel and J. L. Cheminee 
Inslilut de Physique du Globe de Paris, Direction des Ob- ' 
servatoires Volcanologiques, 4. Place Jussieu, 75230 Paris 
Cedax 05, France. 


Hakla Volcano, southern Iceland (63.98° N, 

1 9. 7CP VV). Kart Grfinvold provided the following prelimi- 
nary informallon al press time. A more complete report will 
appear next month. 

Ash ejection from Hekla began just before 0300 on 
Apnl 9. Pilots said that ash reached 4.2-km altitude and ra- 
dar registered the top of an eruption column at 6.6 km 
above sea level Ash blew to the N, toward the Interior of 
Iceland, falling at laasl 30 km from Ihe volcano. No unusual 
was rBCord0d by the nearest seismograph 
aboul 30 km away, until about 18 hours after ash ejectin' 
began. Ash emission had ended by the next morning but 
poor weather prevented an exact determination of the stop 

Dsan^H ® xlru . s * on J[ om cralers near the summit was first 
seen during tha afternoon of April 9. Lava Bowed to tha NE 
ard SW. As ot April 10, extrusion ot lava w^mhut, 
but Ihe volume ollava was orders of magnllude less than 
in August 1980. Volcanologists considered the April activity 
o be a continuation of the much larger August eruption 
typical pattern of behavior al Hekla 9 eruption, a 

Information coniact: Kart GrOnvold, Nordic Volrannirv^ni 
Institute, University of Iceland, Reykjavik, Inland ^ 


Kratfa Caldera, Mpvaln Area, Iceland (65 7 i°m 

The following la a Chffl Grtinvold. 


As ol 2 April, land elevation over the Krafla manmo 
reservoirs, as indicated by tiltmalers u«J if r 75 ma 
same as at the time of 

uary Inflation continued and from pastexKr™ 0 
eruption can be expected lo lake E hS?S2 
lure, possibly wllhln the next few WeSL ^ fu * 




tain Peter Cox overflew Kavachi on January 9. at 1540 At 
30- to 60-mln Intervals, steam fountains rose to a heksht h a 
estimated at 150 m. The sea was stained light brown lor as 
much as 15-20 km from the volcano, but Captain Cox 
no floating pumice. 

A. Smith, a Ministry of Natural Resources geologist oh. 
served minor eruptive activity at Kavachi on February'^ 
Submarine explosions, apparently originating at 5-10 m 
depth, transmitted shock waves to the surface. Soms gas 
bubbles could be seen, but no ejecta were evident. Tbs 
prevailing wind drove seas to the NE. carrying an expand- 
Ing plume of yellow-brown to yellow-green water visible on 
the surface for at least 2 km from the volcano. 

Submarine activity at Kavachi was observed on several 
occasions between early October and early December 
1980. Kavachi's last eruption, June-July 1978, produced a 
small ephemeral Island, Its eighth island-forming eruption 
since 1950. 


Information contact: Karl Grflnvofd w . . 

Institute. University ol Iceland, Cal 


Information contact' Deni Tunl, Geological Division. Min- 
istry of Natural Resources, Honiara, Solomon Islands. 


Semeru Volcano, Java. Indonesia (8.1 TS, 1 12.9ZE). AS 
times are local (GMT + 7 h). Dome extrusion at Semeai 
has continued since 1967. Frequent lava avalanches and 
small ash ejections were reported In late 1 080. 

Activity increased March 28. The first nude ardente 
moved about 4 km from the summit down the Kembar and 
Kobokan rivers (on the S flank) at 1 755. During the follow' 
Ing days. Increasingly intense nudes ardsntes reached a 
distance of more than 7 km from the summit. Four nutes 
ardentes and 19 lava avalanches (presumably accompa- 
nied by nudes ardentes of eruptive origin) were reported on 
March 29, and four more nu6es ardentes and 36 lavs ava- 
lanches were observed the next day. As of 31 March, trem- 
ors were being continuously recorded by the Volcanotoglca] 
Survey of Indonesia seismograph, about 10 km irom the 
summit. 

One person was killed by a nude ardente and 272 others 
were evacuated. The ongoing rainy season may cause la- 
hars and associated flooding. 

Information contacts: A. Sudradjat, Director, and L Par- 
dyanto, Senior Volcanologist, Volcanological Survey of In- 
donesia, Diponegoro 57, Bandung, Indonesia. 


Bagana Volcano, Bougainville Island. Solomon Islands. 
Southwest Pacific (6. 14°S, 155. 19°E). The following is a 
report form the acting senior volcanologist. 


Moderate to strong emission of white vapour contin- 
ued throughout March. An active lava flow descending 
the N slope had reached two thirds of the way down 
the mountain. Small nude-ardente-type avalanches 
caused by collapse of the flow front were observed 
during an aerial Inspection on 9 January. 


Bagana’s eruption began In 1972. 

Information contact: Acting Senior Volcanologist, Rabaui 
Observatory, P.O. Box 386, Rabaui. Papua New Guinea. 


Kadovar Volcano , off the north coast of New Guinea 
(3.62° S, 1 44.62° E). The following Is a report from the act- 
ing senior volcanologist. 


An area of orange discolouration of the sea at Ihe 
NE shore was observed during aerial Inspections on 6 
and 19 March. Previously (1976-7), sea discolouration 
was present at the S shore and was related to the de- 
velopment of a new thermal area on the S flank of lh0 
Island. This thermal area was now observed to have 
been reduced In size by regrowth of vegetation. 


Information contact: Same as for Bagana. 

Bam Volcano, off the north coast of New Quines 


vain vuiLanu, un liw nonn coast Ul woir •- 

144.857E). The acting senior volcanologist reports uia 
during aerial Inspections March 6 and 19 a l-km-lonpw 


uurmg aerial inspections Marcn e ana ia a 1 7 . 
ol orange discoloration of the sea was noted at the o s 
of Bam Island. Barn's last eruption In 1 960 consisted 


of Bam Island. Barn's last eruption In 1 960 cc 
plosions from the central crater. 

Information contacts: Same as for Bagana. 


Karkar Volcano, off ihe north coast of New Guinea 
(4.65*6, 1 45.96° E). The following Is a report from me 
Ing senior volcanologist. 


Aerial and ground Inspections of Karkar were mad* 


6-8 March and other aerial Inspections were cam 
out on 19 and 26 March. Conditions In the caldera ap- 


uui uii 1 » ana Marcn. uonamons in uw • 

paared to be similar to those observed during . 

Inspections In November and December 1880 . 
thermal activity was continuing at the base of the 
crater, and maximum measured temperatures 
9 7.5°C. Apart from vapour sources In tha 1879 otw* . 
the other main source was on the W part of 
Cone. During the aerial Inspection on.. March 20,1 .. 

volume of emission was reportedly greater thart.pw* ^ 
ously observed. out 

Gravity measurements and levelling were earn .1 
at Karkar 6-8 March. The gravity measurements J™ 
consistent with previous sets In 1980, and .mlfl 1 h qa..; 

cate summit deflation. Levelling up to; the end 0 1 •» * 

1 showed possible small deflationary trends or sev 
microradians at the three mld- and uPP^ fl ?™LJi 
rays. Hbwaver tha changes were very small an°_^, ,, 

lar In size to the; limits of error In maklng.ttis rne , , 
menta. ' " v ‘- - ■' - ! ' 1 


Karkar began an explosive eruption In January^ . ' 

wo volcanologists were killed; in March 1979 f by an 
lon lrofn ihe-BE tq6$ pf Bagla) |dpne. . ' v 

Information qontaiQt:- Same as foriBagana. 


! : J' 


Langffa Volcano. New Britain Island, Papua New Guinea 
(55?S, 148.42° E). Tha following Is a report from the act- 
ing senior volcanologist. 

The first 3 months of 1981 have shown a steady de- 
cline of eruptive activity at Langlla. Occasional brown 
ash-laden emissions from Crater 2 were observed in 
January, but In February and March the emissions 
from Crater 2 were white and apparently of declining 
volume. Crater 3 released blue and white vapours In 
Januaiy and February; In March only small volumes of 
white vapour were emitted. The last time glow was ob- 
served was on 21 January from Crater 2. 

Seismic activity from Langiia was at a low level dur- 
ing the period January-March. Small tremorlike signals 
continued to be recorded. 

Langlla has been active since 1973. 

Information contact: Same as for Bagana. 

Manam Volcano, off the north coast of New Guinea 
(4, ips, 145.06° E). The following Is a report from the act- 
ing senior volcanologist. 

During the first 2 months of 1961 , a low level of ac- 
tivity prevailed at Manam. White and occasionally 
brown emissions were observed from both craters. In 
March, moderale-to-strong brown and light grey ash- 
laden emissions were common from the S crater. The 
main crater emissions were also grey on several occa- 
sions. Explosive sounds from the summit were rarely 
heard in January and February but became noticeable 
in Ihe second half of March. Night observations of the 
volcano In January and February Indicated no in- 
stances of lava fragment ejections above the craters, 
although weak glow above the S crater was reported 
for 2 January. Sparse ejections of lava fragments irom 
the crater were observed overnight on 14-15 March, 
and glow above the S crater wa6 observed on 30 
March. 

Background volcano-seismic levels remained fairly 
steady January-March, but a significant change in 
seismic activity was the occurrence of strong local 
earthquakes, possibly of volcanic origin. Preliminary 
analysis of seismic records showed that five such 
events were recorded In February and 14 in March. 

The llltmeters at Manam continued to show a trend 
of northerly uplift. After the last major eruptive period in 
1974, a pattern ot summit deflation prevailed until early 
1978. The total amount of deflation was about 14 mi- 
croradlans. A definite trend of inflation began in the 
second halt of 1979. The accumulated till during the 
last 2 years was about 6 microradians. 

Aerial Inspections were made at Manam on 6 and 1 9 
March. Cloud cover prevented detailed observations of 
summit activity on 6 March, but a distinct blue vapour 
haze wrb present drifting down the N and NW flank of 
Ihs volcano. On 19 March, brown ash-laden ejections 
Irom the S vent were occurring at about half-minute in- 
tervals. The main vent continuously released White va- 
pours. Again a blue vapour haze was present, extend- 
ing about 1 km to the N of the summit. 

Information contact: Same as for Bagana. 

Tammal Volcano, Hokkaido. Japan (48.68° N, 141.38TE). 
Local seismicity began to Increase In November 
I960, and the number of events per month reached 121 1 
In February 1981 (see Figure 3). Seismicity began a gradu- 
al decline In early March and by mid-March had reached 
^9 usual average ol lower than three recorded earth- 
quakes per day. 
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V wytyo o-o-^o-o* I 

1 1 * M f . J ,1 *10 Itl I H A M J i k 1 0B04 I 11 • W J J • S 0 I 0 i f 
HU , 3 ,3 1980 

fi/vv?’*?' Mon,h, y numbers of days In whicn eruptions occurred 
iSh , fmonlc tremor events (center), and recorded earthquakes 
wonom) at Tammal, January 1978-March 1081. 

Dp 0 ^. 87 events were recorded In March. Although the 
^^1978 to May 1979 eruption accompanied the 
during i? r lncreaa0 In seismicity, no eruption has occurred 
£l 9 .i Curren1, mu °h larger, Increase. ' 
woiS l on Selsmological Division, Japan Mete- 

J &pan A08ncy ’ 1 * 3 ’ 4 Otemachl, Chlyoda-ku, Tokyo 100, 

FumaS?* VolGan °> Kyushu, Japan f31.88°N, 1 30.92 E). ■ 

Hie inria i f^lty had increased since November 1980 In 
no pS (s “ l,ur Valley') area at the W base, of the volca- 
kyo Kagoshima and Tokyo universities, Tot 

cy’s (jmai 5L Colle fl 0 * and the Japan Meteorological Agen- 


cy’s rjuir " ^ Dl| 8fl.0r and the Japan Meteorological 
chemirai 1 ! ^"^atory monitored the temperatures and fne 
hire Z ^Position of the vapor. The highest tempera- ■ . 
cured 906 0 In’Mafch, the same as was rriea- 

9Q% crv nr ?A he past 2-yeart. The gas content varied from 
Newftm 10 ^ HaS 10 70% 00^0% H a S: :■ 

otth*^ appeared Irtairealdentl^r area, Because 

• 86 Q a8 i cMl defense police do^d a parking ^(®a 


and part ot a road. Landslides from Kirlslma Wiled 16 per- 
sons In 1942, 34 in 1049, and 9 In 1954. Major landslides 
n 1959 and 1971 accompanied weak phreatic explosions 
In the geothermal area, but there were no casualties, in 
April 1979, JMA personnel discovered a 50-m-long 10-cm- 
wide sulfur flow that had come from a fumarole in the SE 
part ol the Kirlslma complex. 

Information contact: Same as for Tarumal. 

Sakurazima Volcano, Kyushu. Japan (31.587 N, 

130.65° E). Eleven explosions occurred in March at Sakur- 
azima, active since 1955. The highest ash cloud grew to 
2 km on the 18th. Two Incandescent columns rose simulta- 
neously from vents in tha summit crater of Minamldake on 
the 20th. No damage was reported. 

Explosions at Sakurazima. March 1981 

Date 5 0 10 16 18 20 22 29 30 Total 

Explosions 12 112 1111 11 

information contact: Same as lor Tarumal. 

White Island Voloano, Bay ol Plenty, New Zealand 
(3 7. 507 S, 1 77.23 * E). New Zealand Geological Survey 
(NZGS) personnel visited White Island on January 17 and 
March 6 and overflew the volcano on February 24, after re- 
ports ot explosive eruptions in January. 

During the January visit, a weakly convoluling gas col- 
umn charged with light brown ash was issuing from Ihe ac- 
tive vent in the S part of the 1978 Crater (on the W side of 
the main crater). Gray tephra covered the main crater floor. 
Since the magmatic activity In early November, aboul 500 
mm of ash had been deposited near the rim of 1978 Cra- 
ter. Ol this total, about 230 mm had been deposited since 
the last ground inspection on December 2. Two or possibly 
three generations of impact craters, the youngest of which 
may have been less than a day or two old, were found in 
the area 250-600 m NE ol the active vent, with concentra- 
tions of up lo three craters per m 2 300-400 m away. Crater 
diameters ranged from 30 mm to 1.2 m. Blocks up to 0.7 m 
In diameter were found In some of the impact craters, but 
no fresh magma appeared to have been ejected. The ap- 
parent near-vertical final trajectory ol the blocks occupying 
the Impact craters was striking. 

Seismic records showed that periods of high-lrequency 
tremor occurred January 7-13, 17-19. 22-23, 25-28. and 
January 30-February 1 1 . Short bursts of harmonic tremor 
were recorded after the high-lrequency tremor declined. 

Large discrete events (eruption sequences) were recorded 
on January 24 and 29 and February 6 . 12. 17. 23, and 24. 
The eruption accompanying the January 24 event produced 
ashtall al Cape Runaway (75 km E of White Island, on (he 
mainland) and was witnessed by P. M. Otway (NZGS) 

So little gas and tephra were being emitted during the 
February 24 overflight that viewing was excellent. The main 
crater floor appeared to be covered by a thick layer of red- 
brown. principally fine-grained, tephra Impact craters made 
since the January 17 visit pocked the (loot as tar as 600 m 
E of the active vent, the greatest range since the March 
1977 eruptions. 

On March 6 emissions from Ihe active vent, then en- 
trenched In a suberater al least 200 m deep, were very low. 
The rim of 1978 Crater showed no major changes, but a 
large portion of the crater floor N of the active vent had 
been raised several m by rapid accumulation of tephra be- 
tween the January 17 visit and the February 24 overflight. 

At the E edge of 1978 Crater rim, 410 mm of new tephra 
overlay earlier deposits. Within a km lo the E the new teph- 
ra thinned to about 8 mm. The surface layer was a fine 
pink ash (mean diameter about 63 |i) containing abundant 
lllhlc clasts, subordinate crystals of pyroxene and olivine, 
and minor amounts of glassy weakly-to-moderately vesicu- 
lar essential low-silica andesite. This layer was underlain 
by a finer green ash containing a greater percentage of es- 
sential clasts. 

A few new Impact cralers had formed just outside 1978 
Crater's E rim, some occupied by llthic blocks that were not 
coated with ash. Some of the older Impact craters scattered 
across the main crater floor contained buried scorlaceous 

bombs, apparently of recent magmatic origin. 

Fumaroles checked from the air In February were moni- 
tored in March. The Inspection team measured minimum 
temperatures of 490°-65O° C at three fumaroles that had 
■ formed within the past year E of 1978 Crater rim, one ol 
whTShte the most energetic feature on the Island other than 

i ^The MarcMeveling survey showed that subsldencehed 
; continued after the previous survey on December 2 . The 
volcano had deflated about 300 microradians since teat 
May, tha peak of a 6 -month period of Inflation (see Figure 
4 ! The greatest deformation, 12-13 mm sinoe December 
and a total of 60 mm since May, was about to the center o 
the main crater, near the zone of fumarollc activity Just E of 

1B |ntanraSon coniact: B. J. Scott, B. F. Houghton, and LA 
Naim, New Zealand Geological Survey, P.O. Box 499, Ro- 
torua,’ New Zealand. 


\ 7 DM l > r f \ 1| SfV 

A : j \» * Bl 

' . V; : . . / ' \ i Dic 

21 Apr V ■■ . J ; 8 „.N 




080. , 1 




EOS, vol. 62, no. 1 8, May 5, 1981 479 

Pacaya Volcano, southern Guatemala (14.38° N, 

90.6(T w).. All times are local (GMT - 0 h). Newspapers 
reported that vigorous magmatic activity began at Pacaya 
on February 9. When geologists climbed Ihe volcano Feb- 
ruary 14, lava filled much of MacKonney Crater, high on 
the WNW flank, and small lava fountains emerged from two 
coalesced spatter vents. According to newspapers, activity 
peaked February 18 at 1730 as lava overflowed the N rim 
of Ihe crater and began to move down Pacaya's N flank. 

Michigan Technological University geologists climbed Pa- 
caya again on March 5. Since their last visit February 14. 
the level of the lava lake in MacKenney Crater had risen 
considerably, the two coalesced spatter vents had grown, 
and an additional small spatter vent had formed In the S 
part of the crater on the lava lake surtace. The new S vent 
continuously exlruded two pahoehoe lava flows but was not 
the source -of any strombollan explosions. A few small pa- 
hoehoe flows were also moving across the E side of the 
crusted lava lake surface. Nearly continuous weak strom- 
bollan activity occurred from the two older vents. The small- 
er N vent had many small strombollan explosions al Inter- 
vals of 10-20 s. From Ihe larger vent activity was cyclical, 
consisting of a 1-5-s explosion that ejected spatter to 200- 
300 m above the vent, followed almost Instantly by a large 
increase In gas emission that peaked in about 1 min, de- 
creased slowly, then dropped sharply about 30 s before the 
next explosion. Gases above the vent had an Intense blue 
color. The alignment of the three verits In MacKenney Cra- 
ter indicated that the activity may have been from a fissure 
trending approximately N-S. 

Tho geologists estimated that the lava flow descending 
the N flank had a volume of about 2 x 10 4 m 3 on March 5. 

They estimated the total volume of 1901 inva at aboul 1 > 

10° m 3 . for an nvorage eruption rate ol about 4 10 4 

m 3 /d. The lava was petrological ly similar lo lavas from 
eruptions since 1970. consisting of basalt with abundant 
pfagloclase phenocrysts and sparse olivlno phenocrysts. 

Information conlacls; Theodore J. Bornhorsl and Craig A. 
Chesner, Department ol Geology and Geological Engineer- 
ing, Michigan Technological University. Houghton, Michigan 
49931 USA 

Santiaguito Dome, western Guatemala (14.76 N. 

91.55 W). Alt times are local (GMT - 6 h). On several 
occasions between February 17 and March 2, R. W. Hod- 
der and a group of students observed explosive activity at 
Santiaguito Dome, a dacite complex that has been growing 
on the SW flank of Santa Maria volcano since 1922 They 
saw morning eruptions Irom Galiente Venl. at the E end of 
the dome, on February 17. 23, 24. 26. 27. and 28. and 
March 2. and late afternoon eruptions on February 17 and 
March 2. 

The group climbed Santiaguito on February 23 and 24 
During one eruption accretionary lapilli fell, followed by 
raindrops coaled with tine ash. 

About 1000 on February 26. a large 30-mln eruption of 
gas with very little a3h occurred from Calienie Vent The 
eruption column rose to about 1800 m. reaching a diameter 
of about 500 m (much larger than any other observed by 
Hodder s group) and forming a well-developed anvil-shaped 
top. At its maximum Ihe upper V 4 of the column was ash- 
poor nearly white vapor, while Ihe lower 3 / 4 darkened down- 
ward to a light brown (lighter colored than the February 12 
eruption column). 

The group saw eruptions at 1000 and 1 1 15 on February 
28 during 5 hours of observations. The first consisted of a 
single 10-mln pulse that sent a vapor column to about 500 
m above the vent. The second comprised four pulses In 30 
min. Each pulse began with a while-lopped column thal de- 
veloped a light -tan base and an anvil -shaped top as It rose 
as much as 1500 m above the venl. Between each pulse 
there was Intense fuming. 

Dartmouth College scientists climbed, lo the summit of 
Santa Maria on the morning of March 24. They provided 
the following report. 

The plug dome previously observed in the crater of 
Callente Vent was clearly visible and appeared lo be 
covered with huge blocks of light gray lava. Four erup- 
tions occurred within 3 hours with repose periods of 20 
mfnutes, 1 hour, and 1 hour 40 minutes. Each was 
ash-rich and ciearry audible from the summit (a dis- 
tance of 2.8 km). They all rose In the gas-thrust phase 
lo approximately the elevation of the summit (a vertical 
distance of 1272 m) and beyond, convectlvely. 

Avalanches in ihe crater and down the SW Hank Re- 
curred every 5-15 minutes, suggesting nearly conflnu- 
ou$ activity of the dome. The several hundred m long 
lava flow, visible on the SW Hank In February 198Q, 
was not visible from the summit, but avalanche clouds 
rising from that area suggest that It is still active there, 

One large fumarole in Ihe NW part ol the plug dome 
was continuously and very vigorously degassing, re- 
maining essentially unchanged even during eruptions. 

All lour eruptions began In the NE and E region of the 
crater and lasted 2-4 minutes. 

1 Information contacts: R. W. Hodder, Department ol Geol- 
. ogy, University of Western Ontario. London, Ontario, Cana- 
da N8A5B7. 

Theodore J. Bornhorsl, Craig A. Cheaner, and William I. - 
. Rose, Jr., Department of Geology and Geological Engi- 
neering, Michigan Technological University, Houghton, 
Michigan 49931 USA. ; : 

Stanley N: Williams. Department of Earth Sciences, part- 
■ mouth Collage, Hanover, New Hampshire 03755 USA. 

Mona: A. Mort, Department of Biological Sciences, D'erfr 
mouth College, Hanover, New Hampshire 03755 USA.- 

Fuego and Acatenango’ Volcanos, Guatemala (14.48*N, 
90.88° W' and 14.50°N, 90.87* W). On February;16, .17, . 
and 18 geologists visited the summits of Fuego and Aca- 
tenango volcanos. , v •: V' / 

. ' : ' ■ : ’ : i . .""l • 
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Comparisons of photographs of Fuego laken on this ex- 
pedition to ones taken by W. I. Rose, Jr., in February 1980 
showed no striking physical changes In the summit region. 
Tne main areas of gas emission, on the N and ihe SE 
sides of the main crater, were the same as in 1980. (The 
f" a spaher vent from Fuogo's last eruption in 
19? 7 --1979.) During the group's visit, gas was being emit- 
ted at a moderate steady rate, as In early 1980. On Febru- 
ary 21 , however, the group observed that there was a clear 
pulsation in ihe rale of emission, with a period of about 2 
min. A light wind on the 21st allowed ihe gas plume to rise 
nearly vertically about 400 m above the crater. Around the 
crater rim there were only a few fumaroles In contrast to 
many in early 1980. New luma roles had appeared around 
and atop an older irreguiar domal protrusion on the W flank 
of the summit. 

At Acatenango there was no visible rumarollc aclivily 
around the summit or in Ihe explosion craters from the vol- 
cano's last eruption In 1972. The geologists smelled a 
strong sulfur odor In the immediate vicinity of the summit 
craters. 

Information contact: Theodore J. Bomhorst and Craig E. 
Cheaner. Department of Geology and Geological Engineer- 
Techno, °g ,ca l University. Houghton. Michigan 

49931 USA. 

Volcanic Activity in Nicaragua. Fabruary-March 

. ThB fo,,owin 9 fs a report from Stanley N. Williams 
and Richard E. Stolber. 

Scientists from Dartmouth Colfege, the Nicaraguan 
Institute ol Natural Resources and (he Environment 
and Ihe Nicaraguan Institute of Selsmological Investi- 
gations report Ihe following based on their continuing 
cooperative observation of Nicaraguan volcanoes. 

Maaaya (t 1.95‘N, 86. 15° W). The fourlh gas emis- 
sion crisis of I his century continues unabated. Exten- 
sive remote measurement of SO a output (by COS PEC) 
has revealed a greater variability In emission rates 
than had previously been recognized (several hundred 
lo several thousand tons per day). The pit crater from 
which the gas Is emitted continues to Increase slowly 
In diameter and Is strongly elongate In ihe NW-SE di- 
rection. Nlghl observation of Ihe aclivily was possible 
and confirmed Ihe complote absence ol any Incandes- 
cence In the pit where lava was visible as recently as 
November 1978. 

Tel/ca (12.60‘N. 86.87 W). Two (lights were made 
over ihe summit crater of Telfca. In mid-February and 
mid-March. Two large holes (each with a diameter ol 
approximately 20-30 m) occur high on Ihe NW wall ol 
the crater. They are reported (by Alain Cruesol. Nica- 
raguan Institute ol Energy) to coalesce at depth. One 
or both of them emit a continuous vapor plume Occa- 
sional minor ash eruptions are reported by local peo- 
ple. 

San Cristobal (12.7(TN. 87.02 " W). A trend of de- 
creasing S0 2 emissions had been evident since Ihe 
small ash eruptions of March 1976. However. San 
Cristobal has suddenly reversed this trend, after being 
in a heightened slate ol seismic activity since August 
1980. In late February, SO z output increased by ap- 
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proxfmately an order ol magnitude to the several thou- 
sand tons per day level of the mld-1 970's. Flights over 
the crater in mid-February and mid-March showed evi- 
dence of considerable recent slumping In the crater 
formed by the eruptions of 1976, especially on the N 
and NW walls. Fumarollc activity was evident all over 
the craler but was most concentrated In the S and SE 
margins of the floor and In the lower parts of the walls. 
No new fumaroles or flssureB were observed outside 
Ihe 1976 crater. Night observation revealed extensive 
incandescence over much of the crater, even more 
than that observed In December at Momotombo. High 
gas concentrations and unstable footing prevented 
measurement of any fumarole temperatures. Seismic 
activity continued at high levels, with almost continu- 
ous harmonic tremor and at least one earthquake with 
magnitude greater than 2 (this occurred one week be- 
fore the elevated S0 2 emission was detected). 

Momotombo (12.42° N, 86.55° W). A small continu- 
ous plume continues to be released. No new measure- 
ments were made. No significant seismicity has oc- 
curred recently. 

Cerro Negro (12.52* N, 86.73° W). A flight over the 
crater In mid-March revealed one area of minor fuma- 
rollc activity In the SW center region of the crater. No 
significant seismicity has occurred recently. 

Information contacts: Stanley N. Williams and Richard E. 
Stolber, Department of Earth Sciences, Dartmouth College, 
Hanover, New Hampshire 03755 USA. 

Debbie Reid Jerez, Nicaraguan Institute of Natural Re- 
sources and the Environment, Managua, Nicaragua. 

Douglas Fajardo, Nicaraguan Institute of Selsmological 
Investigations, Managua, Nicaragua, 

Pods Volcano, northwest of San Jos6. Costa Rica 
(10. UTN, 84.22 1 W). Activity at Pofis had Increased, with 
explosions observed September 1 1 and December 28, 
i s of mlt, ‘ March ' toe Inslltuto Costarrlcanse de Elec- 
Irlcidad and the Unlversldad Nacional were keeping the vol- 
cano under continuous observation. The temperature of the 
dome in the crater lake was 650°-750° C, and some red ar- 
eas were seen along fissures In the dome. Lake water tem- 

?onn U Th S W u r ® f 5 ?J C .". 8lmi,ar t0 temperatures In the fall of 

1980. The pH of Ihe lake had decreased to 0.1. Fumaroles 
emitted large quantities of water vapor and S0 2 . Many 
landslides had occurred In Ihe walls of the main crater 
information contacts: Guillermo Avila, Inslltuto Costarri- 

C #T003f S E a“cos,! P Rr n, ° ^ Ge0 '° B,a ' Apartad ° 

Barquero Hernandez, Editor, Bolelln de Vulcanolo- 
gfa, Escuela de Cienclas Geogrdficas. Unlversldad Na- 
cional. Heredia, Costa Rica. 

a ^fL Volc . ano ' W6Stem Costa Rica ( 1Q.48 : N, 

SSJ- ( * lava , flow - 34th since almost continuous 
w flan? n ,a va started In 1968, continued to descend the 

RpntnkP y ,T, d l Mar ? h ’ the ,,ow had dlvided Into five lobes. 

enSKrme a ;jr a r n lhe chlor,na con,ent - «“ 

Information contacts: Same as for Pofis. 
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Time, Magnl- Lati- Longl- of 

Date GMT tude tude lude Focus ft aglQJ] 

Mar. 4 2158 6.5 M, 30.31° N 23.43° E shalow Gre^ ■ 

Mar. 6 1943 6.5 M, 3.93° N 85.86° W shallow Off m 

Mar. 10 1516 5.7 39.29° N 20.74° E shallow 

The March 4 shock caused one heart-attack deST^T 
much damage In the S Volotia district, which was aZS 
by the February 24-25 earthquakes. It was ImmedlaK 
lowed by 1 -m-hlgh tsunami that covered theoSSS ffi* 
between Corinth and Loutraki at the end of the Gulf 
Inth. No damage or casualties were reported after ihe 
March 8 event. The March 10 earthquake In W Greera 
near the Albanian border, killed two persons In rocMafe 
and damaged about 150 buildings In ths Preveza area 

Fireballs 

Belgium, December 8, 1980, 1838 GMT. Pierre W 

hoets ol the VVS Meteor Section reported that three car 
sons In Alsemberg (Brabant) saw a fireball of magnitude 
-8 to -10. Its color was glistening white, its head shaded 
like a raindrop. From between alpha and beta Andromeda it 
travelled SW and vanished 15° above the horizon. 

Information contact: Robert A. Mackenzie, Director Brit- 
ish Meteor Society. 26 Adrian Street, Dover, Kent, Erwland 
CT17 9AT. ' w 


Great Britain, December 26. 1980, 0250 GMT. a fireball 
of brightness comparable to the gibbous moon was seen 
for 3-4 s by four observers. No further details are currently 
available. 1 

Information contact: Same as for Belgium. 

Central Italy. 5 January, 1818 GMT. 

Observer: Andrea Bassanlnl 
Location: Rome (41.9° N, 12.5° E) 

Start: R.A. 12 h 30 min (± 10 min), declination +75' 
(± 4°) 

End: R.A. 9 h 00 min (± 10 min), declination +63’ 
(± 4°) 

Duration: 0.5 s 

Brightness: Magnitude -7.5 ± 1 
Color: Orange-yellow 
Train: Orange-yellow and very large 
Information contact: Same as for Belgium. 

Western Australia. January 2. 1550 GMT (2350 Western 
Australian Standard Time). 

Observer: C. Willoughby 
Location: Belmont, a suburb of Perth 
Start: Alpha = 116°, delta = +28* 

End: Alpha = 123°. delta = +41° 

. RadfantuSporadlc- ,, .... - 

Speed: Very slow 
Duration of train: 9-1 o s 

Brightness: Magnitude zero to - 1 1 ; It fit up the sur- 
roundings. 

Color: Red at front; flared to violet-blue 
Information contact: Same as for Belgium. 


A ;, E ‘ S Q Ii en <Ed ) ' University Presses of Florida. Gaines- 
ville, x + 390 pp., 1980, S10.00. 

Reviewed by Allen F. Agnew 

The anticipated large increase in coal utilization In Flori- 
da recently triggered a multidisciplinary assessment by 
more than 30 faculty and staff at the University of Florida 
under Ihe auspices of Ihe Interdisciplinary Center for Aer- 
onomy and (other) Atmospheric Sciences (ICAAS). The 
ICAAS has conducted research on atmospheric pollution 
for the past decade, but this book addresses many more 
facets related to coal burning than that. 

As is noted in the preface, (he book was written ’with the 
hope of accelerating examination of a series of critical 
tong-term strategic and short-term tactical options' (p ix) 
is Intended audience Is not named, but it could Include the 
broad academic community, governmental leaders and staff 
MmcUfr at toe state level, and interested laymen. 

Thi 9 book, which examines the phenomena associated 
with the transition to coal use, is well worth reading Like all 
such collections, the authors’ styles and familiarity with the 
supiect matter make it somewhat uneven reading— bul not 

The introduction and Summary is followed by 17 chap- 
ters. which discuss coal supply, extraction, and transporta- 
tion: burning technology and synthetic fuels; atmospheric 
poilulion and health effects; water resources; solid waste 
and trace elements; agriculture; technological Innovations; 
federal laws and regulations; financing; and public policy 
choice. Some ol ihe chapters seem out. of sequence, and 
one or two are detailed case histories of projects done by 
ICAAS for Florida— suggesting that Ihe audience is al the 
stale level ralher than the national, 

A total of 33 authors. Including 13 full professors and 1 3 ■ 
research assistants and associates, wrote Ihe 18 chapters. 
Although many of ihe chapters were written -fay authors 
whose works are cited herein, other chapters were noL It Is 
understandable (hat most universities would hoi have bn 
their staff specialists familiar with each of ihe coal burnfng ' 
Issues; nevertheless, tote reviewer would have preferred to 


and min,n9 aad ,ha *- 

energy quality than oil or gas . . [anStHhl ! ° 
useful work which can be derWad from thi ° f 

zrjzstfsr- b8t ” ™ 

on wSSTffl SWffirsS us !!? «* 

water ( 11 %), truck ( 12 %) and 2 X 2 ra|1 * 85% ). 
used at mine-mouth plants. A 1978 study h!? * 1 belnfl 
sional Research Service showed thanha ^ h0 Con 9 res * 
Jocled by ihe Edison ElLtricSSte pr0 ‘ 

and 2000 remain the ye ? rs 1985 

transportation network, the author sSf 0 ? 0 ? 0 ,ha Mal 
eral regulatory policy whlrh uork 8 ? a 01 8 Glided by fed- 
In some «W £ 

others. If the system to to taVSSS?,? oxpanslon ln 

deals 

whereas the latter use presen 8 e nvlmnmLS? lJ,an,8 ' 
Populated regions. The several to ' 

a number of experimental ones, a e h ? 3 Ue8 ' ^ 

are assessed by atehore ^ V descrihed and 
contrasf to ntost'otoer chaSe^S hih£ ear en 9 ,naa re. Irr 
one la skimpy. , ; p ra ’ tod bibliography for this 


Chapter 8 , 'Synthetic Fuels for Coal,' Is a solid discus- 
sion of coal conversion processes, including a compari 801 ’ 
of existing processes and their economics, as well as i a 
section on ongoing research In this very active area. AMS’ 
description Is given of three major alternatives to coaJ as a 
source of synthetic fuels: petroleum residuals, oil shals. 
and oil from ter sands. 'Making fuels and related products 
from coal will 9oon be attractive for other than purely eco- 
nomic reasons . . . [because] ths products ... are 
y pollution free’ (p. 129). A very thorough set of references 
Is Included. 

Technological innovation Is the topic of chapter 7, and 
urges us to solve the technological complexities of 
, utility systems, the economic and bureaucratic regufr, 
tory constraints of cogeneration systems, the paycM*#^ 
matter of public acceptance of the electric automobile i fix 
commuting, air-pollution controls, problems of waite 
posal, the economics of coal cleaning, the desirability of 
snore coal-fired power plants, and the coal-plant sitfnflj 
oate between concentrated (energy parks) or dispersed 
schools of thought. 

Chapter 8 , 'The Water Resources,’ Includes summary 
FI!« e , ntatlons on wat ®r availability and contamination pj 
ntlal energy development versus other water use, ano 
water from coal. Regarding the latter, the authors poW; 
hat since most lignite Is mined In dry regions where 
r ® S ? Ptemlum, recovery and use of the water In 
[which can range up to fifty percent by welght’l^^E 
vide a significant contrlbutionto the water required 
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marous studies have shown that trace elements seem to 
have been concentrated in coal because of biogenic pro- 
cesses. The author concludes, correctly, that the enriched 
trace-slement concentration in coal-fired plants forms a 
subtle threat, both long term and short term, to the envlron- 

m Chapter 10 continues this atmospheric theme by discuss- 
ing air pollutant dispersion modeling. The author cites the 
three general types of models: Gaussian, transport, and 
stochastic. Surprising to this reviewer Is the statement that- 
the Gaussian models have very limited validity, with errors 
ol several hundred percent being not uncommon, yet the 
Gaussian models are widely used and form the basis for 
Ihe EPA-recommended 'off-the-shelf' models. The transport 
models are more rigorous and thus are mathematically 
more complex and usually require meteorological data that 
are not always available. However, the transport models 
also require knowledge of eddy diffuslvltles or 'K' values 
which (like the dispersion coefficient of the Gaussian mod- 
els) also cannot be accurately predicted. Stochastic mod- 
els, concludes the author, are both most rigorous and most 
adaptable, but the stochastic models are only in a develop- 
mental stage and require meteorological data that are not 
always available. The reader thus has to agree with the au- 
thor In that there Is a ‘great need to develop reliable yet 
practical methods for quantitative prediction of the disper- 
sion of air pollutants emitted in coal burning' (p. 201). 

The third of these chapters on air pollution, 'Atmospheric 
Modifications,' is concerned with whether or not perturba- 
tions induced by coal-fired plants are significant depends 
on the magnitudes of combustion sources In comparison to 
natural sources of such Items and the rapidity with which 
they are scavenged before being dispersed throughout the 
atmosphere. The authors note that acid rain is due to the 
release of both nitrogen oxide and sulfur dioxide that, in 
combination with rainwater, result In low pH and that one 
Important method of monitoring aerosols and the deteriora- 
tion of visibility on a global scale Is by remote sensing from 
orbiting satellites. The authors present a brief summary of 
such monitoring with emphasis on the Nimbus-7 Atmo- 
spheric Laboratory. 

Solid waste and trace element Impacts are the subjects 
of chapter 12 , and the discussion dwells heavily upon the 
1978 monographs by S. Torrey, ‘Trace Elements from 
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N °‘ 50) flnd ,CO01 ASh 
™ ™ o Bottom Ash - and s,a 9’ ( Pollution Tech- 

no/ogy Review No. 48), which preceded the proposed haz- 
ardous waste regulations under the Resources Conserva- 
tlon and Recovery Act of 1976 and the environmental Im- 
a!? fS5?!L ln the Powerplant and Industrial Fuel Use 
Act ot 1 978. The author summarizes the occurrence ol 
trace elements In coal and fly ash (including radioactive 
daughter products of uranium and thorium) and gives a 
brief review of potential health effects. He suggests that 
models of environmental transport and of dose-to-risk be 
developed and discusses the importance of the Resource 
Conservation and Recovery Act and the Toxic Substances 
Control Act. This reviewer found the chapter to be one of 
the more Interesting and significant ones in the book. 

In Chapter 13, 'Agriculture,' the authors comment that 
the Impact of coal residues on agricultural and forest envi- 
ronments depends on the distribution ol such residues be- 
tween solid waste (90%) and released emission products 
(10%). Atmospheric S0 2 and acid rain may have been well 
documented qualitatively bul not so well quantitatively. Fur- 
ther, adverse trace-element Impacts on agriculture and 
ecosystems will probably be of a much lower order of mag- 
nitude than Impacts of sulfur oxides. On the other hand, po- 
tential benefit can be obtained from disposing of coal's sol- 
id-waste residues on agricultural and forest soils, provided 
that their compatibility with specific soils is determined 
ahead of application so that it will not be Indiscriminate. 

The health side of the coin is the subject of Chapter 14, 
whose authors do a good Job of evaluating primary pollut- 
ants (S0 2 particulates, N0 2 , CO, and trace elements) and 
secondary ones (ozone and aerosols). Both epidemiologi- 
cal and controlled laboratory studies, in which both animals 
and humans were exposed to various pollutants, are dis- 
cussed, and the authors caution the reader that epidemio- 
logical studies (which allow one to evaluate the effects of 
air pollution on large numbers of people over a lifetime) 
are, unfortunately, the most difficult to conduct. Despite 
these hurdles, there Is some evidence that sulfur dioxide, 
sulfates, and particulates have some detrimental effects on 
the health of children and adults. This reviewer was dis- 
tressed, however, with the authors' extrapolations (obscure- 
ly based) in a few places, such as (heir statement that 'sili- 
cosis [has been] found In coal miners' as a consequence of 
such exposure (p. 283); 'such' may refer to one ol several 
previous statements in that paragraph. 

The authors, however, did caution us not to overestimate 
the carbon monoxide problem with coal-fired plants, noting 
that only 2% of the CO emissions in the United States are 
due to combustion of coal and oil, the rest being (he result 
mostly of automobile exhaust. Furthermore, the authors 
state that present CO levels in our environment are low 
and pose tittle threat to our health, except in high-density 
traffic lanes and near Improperly vented stoves. and that 
the CO z level In the environment today (440 ppm) has no 
known health effect (p 287). 

As is mentioned in the general discussion above. Chap- 
ter 15, Quantitative Public Policy Assessment, was a disap- 
pointment to this reviewer. The authors present a case 
study by ICAAS which ‘attempted to carry out an integrated 
interdisciplinary assessment of air pollution abatement al- 
ternatives in the Tampa area of Florida.' (p. 29). The au- 
thors attempt to move from a proposed Air Quality Index 
through a broad soclo-technlcal research program to the 
establishment of a quantitative scale for air quality. They 
use two types of public policy decision methodologies (on 
sulfur oxide pollution): (1) Disaggregate Benefll/Cost Analy- 
sis, and (2) Quantitative Assessment of Ihe Level of Risk. 
They merely describe how they went about the study In a 
very technical presentation, and this reviewer was disap- 
pointed In not seeing some conclusions or recommenda- 
tions. instead, the final section of the chapter is entitled 
'The International Context'; It broadens Ihe context, bul 
adds little. 

Capability for financing the conversion to coal by the utili- 
ty Industry Is the subject of Chapter 16. The authors be- 
moan the weak financial position caused by a combination 
of economic and political factors of the average utility com- 
pany. Many companies simply cannot meet the capital re- 
quirements of such coal expansion. The authors recom- 
mend that utility commislons realistically analyze the situa- 
tion and then allow the utility companies to charge prices 
which would cover ths cost of capital Invested. 

In chapter 17, 'Coal and the Slates: A Public Choice Per- 
spective.' the author, who is a political sclenllst, stresses 
his view that the implementation ol a national coal policy 
will depend heavily upon the slates, owing to traditions _ 
state powers affecting coal use and because of the state s 
discretionary authority In Implementing federal coal policy. 

■ In formulating state coal policy, state governments will face 
competing and conflicting policy objectives and priorities, 
lust as the Congress and .the Administration do at the na- 
tional level. The author calls for federal assistance In re- 
viving state policy- Issues and urges the federal govern- 
ment to hold the massive new coal utilization to only a few 
decades; to create a target growth rate for [he United 

arute In fact -the author recommends that the federal gfav- 

aaendes having surface-mining regulatory auliiority, so lhat 
= m^Tcan funds IQ pubttc-lnterosi gjjups for pur-,. 

\ poles of educatihg the state publiqa pp such programs, (p. 

i^Bflnalichapter, 'Federal Regulatory andlegalAs- 

owls '''deals both w«h eriafled laws and with 
HriSon bV the Congress. '.Federal laws, and rjgula- 
* cbal usei'Gpoo exam-: 

amo^Sby 'lhe redblatlon;ofi such pperatlops as, 

" nSrirSwSiSSSp' sndpower generation. Whereas the , 
straths and weaknesses , of law* 
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on the books, they can only hazard a guess as lo how lar 
the Congress might go in modifying bills being considered. 
Because the authors do present their views of the potential 
directions of some of the alternatives before Congress, this 
chapter provides an air of currency lo a subject lhat could 
easily have become outdated- The authors note lhat haz- 
ardous waste regulations under the solid waste disposal 
law (Resource Conservation and Recovery Act of 1976) 
'show a greater Inclination to encourage coal utilization at 
the expense of threats 10 environmental salety than do air 
and water regulations. . . perhaps ... to prevent the 
arousal ol public opposition to coal conversion at a time 
when other alternative energy sources are not available (p 
373) 

In summary, any comprehensive examination of the sub- 
ject ol increased coal use must give careful scrutiny not 
only to the individual laws but, even more importantly, to 
how their Jmprementatfon helps in support ot or in conflict 
with Ihe expressed goal of increased coal use. Further, this 
reviewer would add, one must examine and become aware 
of how the regulations promulgated as extensions of those 
acts compound ths problem. 

Allen F. Agnew Is a geologist and lives in Reston. Virgin- 


Naissance d’un Ocean 

J. Francheteau, D. Needham, T. Juteau, and C. Rangin, 
Centre Oceanologique De Bretagne, Bresl, France, 84 pp., 
1980, $37.00. 

Reviewed by William S. F. Kidd 

This paperbound, oversize but slender book is primarily a 
printed photographic record of Ihe geological features re- 
corded from the submersible Cyana during the CYAMEX 
expedition lo the axis of the East Pacific Rise near 21 C N. 
Accompanying the color picturea, which occupy about half 
the total space In the book, is the text with the French and 
English versions printed In two adjacent columns. This is 
not a primary scientific document, although it is a well-writ- 
ten and accurate summary of the surface geology. No ref- 
erences are given in the text, but two short lists are given 
al the back: one of general plate tectonic references and 
another of published results from previous deep submers- 
ible investigations on other segments of Ihe oceanic 
spreading ridges. The approach most closely compares 
with an extended Scientific American article, with Ihe major 
emphasis on the photographs. 

The text has some introductory matter, including a page 
on die CYAMEX project, another on the history of discov- 
ery of the East Pacific Rise, two more on the leatures and 
operation of the submersible, and seven pages on the oce- 
anic spreading ridge system, together with some pictures 
.and several familiar-looking diagrams and maps. The main 
part of the text, which includes most of Ihe plotures, is di- 
vided into three sections, These are On the creation of new 
ocean floor and the various volcanic features; constructed 
there, on Its early evolution away from the zona of active 
eruption, including (issuring, faulting, and sedimentation, 
and a shorter section on hydrothermal venls, the metalllfer- ' 
ous deposits associated with them, and the fauna seen at !' 
these vents and In ihe area as a whole. The English: text, 
presumed to be a translation, follows Ihe French with re- 
markable accuracy and yat Is mercifully linslllted. Gome 
very minor descriptive portions of the text have been .omit- 
ted from the English jn a few places and from ihe French iri 
some other cases. In general, the picture captlons have 
been less faithfully matched, and some of the more enihu- 
alaslto French ones did not survive the severe English cap- : 
lion writer; A picture of a mud cloud about to envelop the 
: submersible Is entitled In French Triomphe du sSdlrrtenl.' 
while the English only.mutiers prosaically fabout the sedt- - 
ment being fine-grained and easily stirred up. . , •; 
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The book is nicely printed, and l( is true, as the text 
polnl9 oul, that the pictures are remarkable and of good 
quality considering the constraints that cannot be avoided 
in obtaining color pictures on the deep-sea floor. The most 
visible of these constraints is the inevitable coarse grain of 
high-spebd color film. Most of the pictures have been print- 
ed at half-page size, and In these the grain is not obstru- 
sive, but a few at full-page size are beyond the limit of rea- 
sonable enlargement and would have been belter printed 
at the smaller size. These Include most of the few pictures 
included in this book that were taken from the submersible 
AMn on a subsequent leg of Ihe RITA project, giving a mis- 
leading impression of poorer photographic quality from this 
submersible. As a group, the pictures do not have the very 
blue tones characteristic of pictures from many submersible 
expeditions. I presume that this is due to subsequent filtra- 
tion; it cannot be said lhal the colors in these or any other 
daep-sea photos necessarily resemble closely the colors 
the objects would possess In sunlight. 

It Is difficult to discern Ihe audience that this document 
was aimed al. While It Is cerlainly very nice lo have so 
many pictures reproduced, and in color, ihe essential infor- 
mation from this program is or will shortly be published in 
reviewed Journals. This book suffers from Ihe usual major 
defect of most recent European publications, its high price. 
At a much lower price II might have found a niche, tike a 
Scientific American collection of articles, in university 
courses in marine geology or vulcanology. As it is, I Ihfnk 
that this is a book for large or specialized libraries. Only the 
most avid collector of pictures of small-scale vofcanic land- 
forms, and ihose directly Involved with detailed research on 
tho oceanic spreading ridgos will probably want lo sink 
$37.00 Into purchasing this 64 page book. Price aside, 
much credll must bo given lo CNEXO and Ihe authors for 
making those pictures avnllablo. It Is lo be hoped that a 


similar compilation can be made from U.S. submersible ex- 
peditions since Famous. 

William S. F Kidd Is with the Geological Sciences ‘.de- 
partment, State University of New York al Albany, Albany, 
New York. 

Proceedings for Rock Mechanics Congress 

The U.S. National Committee for Rock Mechanics has 
published volume III of the Proceedings of Ihe Third Con- 
gress, ISRM, and Is trying to find current addresses for 
those people who ordered copies but have not received 
them. 

If you attended the congress, or If you placed orders tor 
the proceedings and have not received your copy, please 
contact the U.S. National Committee for Rock Mechanics, 
2101 Constitution Avenue. N.W., Washington, D.C. 20418, 
Altn: Barbara S. Adams. 

Drilling Errata Published 

The Deep Sea Drilling Project has completed errata for 
volumes 1 through 44 of the Initial Reports of the Deep 
Sea Drilling Project. Institutions In the United States and 
IPOD countries that routinely received copies of these vol- 
umes will automatically receive a complete set of errata. 
Complimentary copies of the errata are available upon re- 
quest to all other volume owners. Ptease specify It you 
want errata listings for specific volumes or for the entire 
set. Send your request to Science Services, Deep Sea 
Drilling Project, A-031 , Scrlpps Institution of Oceanography, 
University of California at San Diego, La Jolla, CA 92093. 
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Climate Change and Society: Consequences of Inaeasi^ 
Atmospheric Carbon Dioxide , W. W. Kellogg, R. ^ 
Schware. Westvlaw Press, Boulder, Colorado, xlii + i* 
pp., 1981, $15.00 (hardcover), $8.00 (paperback). 

Dynamics of the Upper Atmosphere, S. Kato, D. Reids) 
Hlngham, Mass., xlll + 233 pp., 1980, $29.95. 

Environmental Geology, D. R. Coates, John Wiley, New 
York, IV + 701 pp., 1981. 

Hydrological Data-Norden, Representative Basins, Lapp- 
trdaket, Sweden, Data 1971-1974, M. Persson, A. & 
meonldis (Eds.), Swedish National Committee for ihe In- 
ternational Hydrological Programme, Stockholm, Swe- 
den, 84 pp., 1979. (Available from Swedish National 
Committee for the IHP, Stockholm, Sweden.) 

Interactions of Energy and Climate, W. Bach, J. Pankrath, 
J. Williams (Eds.), D. Reidel, Hlngham, Mass., xxxvlil + 
568 pp., 1980, $58.00 (cloth), $26.50 (paperback). 

The Last Great Ice Sheets, G. H. Denton, T. J. Hughes 
(Eds.), John Wiley, New York, xvlil + 484 pp., 1981 
$95.00. 

Research D/gest I960 ICW, Tech. Butl. 117, E. W. ScMei- 
beak (Ed.), Institute for Land and Water Management Re- 
search, Wageningen, Netherlands, vl + 229 pp., 1980. 

The United States Energy Atlas, D. J. Cuff and W. J. 
Young, Free Press, New York, vlli + 416 pp. 1980, 
$75.00. 

Viking Orblter View of Mars, C. R. Spltzer (Ed.), National 
Aeronautics and Space Administration, Washington, DC. 
vll + 182 pp., 1980. 
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Crustal flelamologyi Princeton Univer- 
sity. Candidates with an Interest In any of the lot- 
towing are invited to apply lor research staff ap- 
point meats 

1 Marine seismic data analysis and struc- 
ture ol oceans and ocean margins. 

2 Narrow and wide angle reflection seismol- 
ogy applied to corwtnanlal crustal geo’ogy. 

3 Wave propagation theory and techniques 
ol se^sm.'C data analysis 

Princeton University has an ongoing program for 
the creative reanalysis ol oxistlng multichannel re- 
flection data— such as COCORP and USGS off- 
ahoie data Special projects are undertaken from 
time to t>me to collect liakf data in critical areas or 
lo lest new methods ol data co'ioction and analysis 
A high performance 32 bit minicomputer system lot 
data analysis and theoretical work Is to be installed 
later lhu year 

Applicants should send cumculumvuae and a list 
ol inree references fo- 

floberi A. Phlnney 
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Princeton University 

Princeton. NJ 08544 
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Phyaloel Oceanography, a research and 
teething ponton for a visrimg scfenhst la available 
for the 1961-02 academic year. The position is 
state supported vrih o safety range of 919.000 to 
92S.QOO for nine months at a rank from assistant to 
full professor, depending on (he applicant a previ- 
ous experience. Appficanis should have demon- 
strated experimental research aMty in current 
dynamics, waves, turbulence or ocean remote 
sensing, and should be wMng to loach ai feast ona 
course. Internal to interacting with existing research 
programs to turtxMnce, optical oceanography, or 
coastal processes it encouraged. 

Send curriculum vitae, Ihe names and phone 
numbers ol three references lo: Chtfman. Depart- 
ment of Marine Sctonc*. University of South Flori- 
da. K» Fbal Street South, SL Petersburg. Florida. 
337Q1. ApppeeUon wU be accepted through June 
9ft IMt. . . 


Seismology, Sedlmentology and Teoton- 
les/Qaochronology. The Geosciences Pro- 
gram of The University of Toxas at Dallas invites 
applications lor threo anticipated (enure track open- 
ings in tho gonorai areas of seismology, clastic 
sedimontology and leclonlcsgeochronology begin- 
ning academic year 1981 -S2. Al least ono ol these 
positions will be tilled at the senior level wilh rank 
and salary commensurate with qualifications. 

The positions require a Ph D. and a strong com- 
mitment to excellence in research and teaching. 
Teaching duties will Involve both graduate and un- 
dergraduate courses, some participation In held 
courses and supervision of M.S and Ph.D. stu- 
dents. Candidates with the following research Inter- 
ests ere preferred: 

Selsmotogy— ovreniso in solid earth ssismc-io 
gy wilh an interest In applying theoretical mod- 
eling or signal processing techniques to sarth- 
quake or other seismic problems. Academic 
Search No 236 

Clastic aedlmeniology— expertise in deposition- 
al systems and'or diagonals. Academic 
Search No. 237 

Tectonics-geochronology— Expertise In region- 
al gsology-iadonlcs with an Interest in Isotope 
geochemistry, geochronology, and petrology. 
Academic Search No. 238 
Applicants should Band a letter outlining specific 
research interest, a resume (indication ol sex and 
ethnicity tor statistical purposes Is requested but 
not required) and names ot three references, with 
the appropriate Academic Search Number, to: 

Academic Search No. 

The University ot Texas al Dallas 
P.0 Box 688 
Richardson. Texas 75080 
Applications should be recalved by July 31 , 

1981. 

The University or Texas al Dallas Is an affirma- 
tive setloa equal opportunity employer. 

Faculty Poaltloa'UnlversIty of Alaska, Fair- 
banks. Applications are Invited for a tenure track 
faculty position In economic geology In the Geolo- 
gy Geophysics Program lo teach undergraduate 
and graduate courses in ore deposits, mineralogy 
and exploration geology. 

Applications should have demonstrated practical 
experience In mineral exploration, regional and de- 
tailed geologic mapping as well aa a commitment to 
research in the genesis ol ore deposits. The candi- 
date writ be expected to pursue a vigorous gradu- 
ate teaching and research program In economic 
geology with etudents primarily oriented toward ca- 
reers to the mineral Industry. 

Preference will be given to Individuals with expe- 
rience In arctic or subarctic minerals research and 
a record of close collaboration with the mineral to- 
duslry. Academic rank and salary commensurate 
with experience. Ph.D. required. 

Send resume and three letters of reference Di- 
rector. Division of Geosciences, UntversHy of Alas- 
ka. Fairbanks, Alaska 89701. Appkcaikini win be 
accepted until .tone 30. 1981. or unlit tilled. 

The University ol Alaska Is an equal opportunity/ 
afftonahve action employer. 

PatretoflyiQeoehemlelry, University ol 
New ■runewlok. The Department of Geology 
has a torture track position available Irom 1 July 
twi. at assist am professor oi higher level The 
sucMsitut appttani writ be expected to leach both 
undergraduates and graduates as well as carrying 
out research and supervising graduate students. 
TWs postooh is in addriton to one currently adver- 

lised far a rach mechanic or geochemist 
The appacani ehoukf have abackgraund In pa- 
trochemisiiy and petrology and should be prepared 
to teach to some aspects ol petrology and geo- 
dteffltetiy. Tho successful appkant wte be raspoh- 
■Bfe (or Supervision of analytical fapHbss tnduSng 

BI 1 A.R r. * 

: ■ Appfcajiu staid have a PhD. and ptafereUv 
. postdoctoral experience. Applications toCtocHnga 

.. cuntaAim vitae and names ot three refeteet ^ 

, to P- f. Wloms. phUrman.Dwar,. 


Hydrogeologlat. Applications invited to r a per- 
manent faculty position. The position requires a 
Ph D., teaching at graduate and undergraduate lev- 
els, supervision of research, end reaearch tn area 
ol specialty. Interaction with faculty In surface water 
hydrology, etabie-lsotope geochemistry, geophys- 
ics. and sedimentary geochemistry is expected. 

Candidates should send resume, statement of re- 
search Interest, and addresses ol three references 
to L. D. McGinnis, Chairman. Department of Geolo- 
gy. Northern Illinois University, DeKalb. IL 60 1 1 5. 
An equal oppartunlty/alllrmative action employer. 

Faculty Position In OooanographyfQeolo- 
gyi University of Northern Colorado. The 

Department of Earth Scfencee invites applications 
tor a lull-time, (enure track faculty position in 
oceanography, alerting September 1981 . We are 
seeking a person wilh a broad background in 
oceanography and one or more of the related earth 
science fields such as marine geology and/or aed- 
(mentology. Major responsibility will be leaching be- 
ginning end advanced courses in oceanography, 
courses In ihe related Held, and general education 
courses. A modest amount of research is possible 
and is encouraged. Applicants should possess the 
Ph.D. degree or be In the final stages ol completion 
of lhal degree. Starting rank and salary wlO depend 
on experience and other qualifications of the candi- 
date selected. 

Applicants should submit a resume and at Isaal 
three fetters ol recommendation to Dr. L. Glen 
Cobb, Chairman, Department of Earth Sciences, 
University ol Northern Colorado, Greeley, CO 
80839. 

The deadline for application la May 10. 


r EXPERIMENTAL 
ATMOSPHERIC CHEMIST 

To conduct independent research likely to in- 
clude marine measurements, tropospheric and 
stratospheric sampling, global chemical cycles 
and related scientific areas and management ol 
research group. Requires majority of ihe 
following: Ph.D in chemistry. physics, 
oceanography, atmospheric science or a close- 
ly related discipline or equivalent plus exten- 
sive experience wilh laboratory and/or held 
measurements relevani to atmospheric chem- 
islry: outstanding skill in experimental techni- 
ques loi gas medsiu entente. leo&yru/ed pub- 
lication record, demonstrated skill al supervs_ 
ing experimental scientist in research | 
endeavors and Interacting productively wiin 
colleagues In theoretical sludies. Salary range 
534. 446- $56. 7% Candidates may apply W 1 
submitting a curriculum vitae and l<st 01 1 
publications. Qualllicaiion al level til or senior 
sclenllsl will be based on ihe degree lo whicn 
Ihe applicant satisfies Ihe requirements. 

Ph D. scientist ill level will bo a live year teim 
appointment. For more Information or loapw. 
contact Margarola Domeckl. NATIONAL 
CENTER FOR ATMOSHPHERIC RESEARCH. 
P.0. Box 3000. Boulder, Colorado B030r. 
(303) 494-5151, oxt. 5B1 




NCAR II IB towl 
Ainimivw W1M Enpfei' 


, ERT, the nation's leading environmental consulting firm, ha 9 Immediate openings In 
ite energy Development and Engineering Center for Environmental Engineers. 

PRINCIPAL 

WATER QUALITY ENGINEER 

You Win provide technical and managerial leadership to the Water Quality Engineer- 
^ ™ « Pre P® f ® water Ruatity assessments for NPDES permit applications, 
iinn rT^uSi 8 P 0 ™? 1 !?? Projects. This position requires familiarity with water pollu- 
*?? and l heir impact on the specifications of waste water treatment sye- 
erv '[?wpnpc pth toowledge of stream modeling. Minimum 9even years export- 
neering PDES perm ng and wa,er quality assessment; MS In chsmlcal/clvll engl- 

STAFF WATER 
QUALITY ENGINEER 

stream m^dSr^ Snk, rt Watar Quallty En 9 |n88re and perform technical assessments/ 
neer Minimi iSla? prepare engineering reports al the direction of a senior engl- 

wBh waste wate^?riai° h8r ? ° aWvil en 9 'neerlng required; training and experience 
witn waste, water treatment systems and stream modeling desired. ' ' ■: 

EmpteyS hl «*°TL to Ronald J Haddad, 

ERT a step ahead ' r> 

1 Technology, usicj-i.:'** 

v 1 P C q°*i£^ 6, ^ ‘ FORT COLLINS, CO : v 

• • v L “.^ Q pLES * PITTSBURGH • WASHINGTON. P® • > 

P ^»y ; ^mpfeyerM/Fl : r ?V :.V 
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m Recruit «wAnnounce*« Advertise— 

Recruit talented personnel in the 
geophysical sciences. 

Announce special meetings, 
workshops, short courses, and calls 
for papers. 

Advertise services, supplies, and 
Instruments. 

A classified ad In EOS, the weekly 
newspaper for the geophysicist, will 
get results. 

Low advertising rates, easy-to- 
meet copy deadlines, and a broad 
readership make EOS the medium 
for the message. 

Place your ad today. 

Call toll free: 800-424-2488 


Atmospheric Solantlst/Radlatlon Physl- 
olat. Current Applied Research and Systems ac- 
liviuee have created Immediate openings in the fol- 
lowing areas: 

1. Spectroscopy. Radiative Transfer and At- 
mospheric Sciences (1 Position). Requires to 
work on Ihe general circulation modeling of 
stratosphere. 

2. Atmospheric Fluid Dynamics (1 Position). 
Requires to develop global atmospheric 
dynamics problem In Ihe thermosphere. 

These positions ere In support ol science and appli- 
cation tasks of NASA/Godtisrd Space Flight Cen- 
ter. GreenbetL Maryland and require one to work 
Grille. 

An extensive background In Ihe numerical simu- 
libon of physical problems by use of mini and large 
computers Is required Candidates must have M.S. 
or Ph D. In atmospheric sciences or physical scl- 
wees. Goth of those positions are renewable up lo 
two years. 

Salary range Ib S2 1.000 to 835,000 per annum, 
depending on quail llcatlone Good Benefits. Quali- 
fied applicants should send three references, salary 
history and requirements lo- 

Dr. S- P. S. Anand 
Applied Research and Systems 
8401 Corporate Drive 
Suite 650 

Landover, MO 20785 
Telephone (301) 459-8442 

Kutxtown State Collage- Applications ere Invit- 
ed for a temporary one-year full time appointment 
In geology commencing 8eptBmber 1981. The suc- 
cessful candidate will be expected to teach an ad- 
vanced undergraduate course In environmental ge- 
o'ogy and to participate In leeching Introductory ge- 
ology. Demonstrated teaching experience In the 
above areas Is required. The Ph.D. degree Is pre- 
ferred. Applicants should forward a resume, an un- 
official transcript, and arrange tor early submission 
rtff»ee18tt^4 Df-rtrtJ0mmendBtfomrT-John Scott. 

Phya. Sd. DepL, Kutzlown State College, Kutz- 
Krwi.PA 1B530. 

Kutzlown Slate College la an equal opportunity/ 
affirmative action employer. 

fedlmentoloBlst-Sedlmentary Potrogra- 
pher/Ohlo State University. The department 
w aeo '°flY and Mineralogy Invites applications tor 

■ tenure track faculty position In sedlmentology- 
soamantary petrography. The appointment Is avall- 
ttwtiom Auguat 1081 . 

Salary and rank competitive and commensurate 
experience. 

Applicants should send resumes and names of at 
’sast three referees or address Inquiries lor further 
information to Pater-N. Webb, Dept, of Geology 
The Ohio State University, 125 
Oval Man. Columbus, Ohio 43210. Closing 
rtaieia July i, 108T. 

w^ 8 i Un ,S!‘ an " qual oppo,,1,n '' 

Oo*»olenoaa. The Unlver- 
.~J“ honna Is seeking a dean for Its newly 
ot Geosciences, a college whtoh Is 
SC"- 01 thr00 axtatln 9 academic departments: 
SI* ^ Oaophyslca. Meteorology, and Geog- 
wn^mif.I 9 ? 1 ' 82 ,he tolal Scully will reach ap- 
Wx mately foity futi-Ume persons. Presentty the 

and amT? about 500 undorgraduate 

ed tn studante. The College is expect- 

ft." 110111 |n faculty and student body over 
^nsy sev eral years. There Is a Arm Institutional 
,h0 continued development of aca- 
carinn 5^ ^ n un riergradua(e and graduate fldu- 
u, [®®»eich In the earth aclances, already 
OWahoma tatflBonaI atran 8 lh at the University of 

rton^rlw* 9 ,or lhe d ®« n Bhlp should possess a 
m “hH science dfodpline, and should 
aca/iBrnuT™ ^Pchcnce In an admlnlslratlva or 
■earrti Inv °l vln 9 Instructional and/or re- 
VVhita r0levar| t lo the earth sciences, 
olihn bbhu , °* and appreelatton tor all 

,8 “Mntlal, because of the 
1* °* 1,18 Un, verelty of Oklahoma and 

■ ttr^ftrl!!!'^ 10 1,18 8,8,0 and region, there will be 

iocue on energy actfvltles and re- 

^^wg ihedean -, responsibilities will be: ( 1 ) to 
flrgy int6rnaJ iy end externally, In en- 

petrofoum P Hrt l cu| arfy, In working with (he 
wssi- (21 in,. in* 111 ®^ throughout the South- 
ol a ten mik I n 1,18 Planning and development 
Cofena of J®n=nwgy Center which will house the 
Spinas and 0 *h er energy-related 

toaliya and 0) 1° provide admln- 

toch areeHTl, p for instruction Hnd reaearch In 
ft Physical weather and dllmatolo- 

Ifo basic c , and “"oral geography; and 

dfonDUfy* 088 0 9 0Ol °ay. geophysics, and geo- 

5 i» able to assume thb position 
•iler, no laial'J,. ; or 88 8000 as possfclq Uiere- 
1 ® 02 - Opelhfl date tor 
^no, Fleasq Sana riorUlna- : 

^ to ' 8 01 r^ewnee arra, ' (J0 ,w at ,eaSt three ■ 

■ ^ Qw*&t ro,88Bor N 0U E - Salisbury, 
NnientSh!^ 8esrph:Comlnlttea, De- f - 


University of Leeds/Isotope Qaoohamlsl. 

Applications are Invited tor a temporary appoint- 
ment tor a fixed term ol up to two years as post- 
doctoral research fellow in the Department of Earth 
Sciences. Irom a data to be arranged, to work on a 
project In Isotope geochemistry and geochronology, 
lunded by the Natural Envlronmanl Research 
Council, UK. 

Preferred special Interests and experience are 
expected in radiogenic isotope geochemistry ap- 
plied to petrogenetic studies and/or mantle evolu- 
tion. Current Isotopic research Includes investiga- 
tions Into specific Intra-plate and (stand-arc volcanic 
provinces, mantle nodules, Precambrlan geochro- 
nology, thermal evolution of melamorphlc belts, and 
8ea-water/8edlment Interactions. 

Salary within the range E6070-C1 0,160 on the IA 
Scale for Research and Analogous Staff (£8070- 
£10,575) according to age. qualifications and expe- 
rience. 

Informal enquiries may be made to Professor J C 
Brlden Further particulars and application forms (If 
deBlred) may be obtained Irom lha Registrar, The 
University. Leeds LS2 9JT. U.K., quoting reference 
number 40/1 feHG. Closing date for applications 31 
May 1981. 

Faculty Posltlan/Atmospharle Sotanoes, 

The University of Arizona has an opening for a 
tenure track faculty position In the Department of 
Atmospheric Sciences. The appointment can be 
made up to end Including the rank of associate pro- 
fessor. Some preference will ba given to candi- 
dates with specialization In one or more of the fol- 
lowing areas: synoptic meteorology, satellite meteo- 
rology, boundary layer meteorology, air pollution, 
and air-sea Interactions. The applicant must have 
an earned doctor's degree in the atmospheric sci- 
ences or a related discipline. Applications will be 
accepted until August 1, 1981. Appointment can be 
effective as early as January 16, 1982. The candi- 
date must have a dedication to undergraduate and 
graduate teaching and is expected to develop a 
high quality research program. Interested Individ- 
uals should submit a complete curriculum vilae, a 
list of publications, a stetemenl ol teaching and re- 
search Interests, and three letters of recommenda- 
tion (sent directly by the writers) to Loute J. Batten. 
Head, Department of Atmospheric Sciences. Uni- 
versity ol Arizona. Tucson, Arizona 85721 . Phone 
(602) 828-1211 

The University ol Arizona is an equal opportunity 
affirmative action employer 

Poetdootaral Position. Atmospheric geo- 
chemlstry/air pollution project is seeking applicant 
with Interest In environmental or atmospheric geo- 
chemistry by summer or tail 1981 Project Involves 
study ol source and ambient airborne particles with 
SEM. TEM. and INAA Background m analytical or 
atmospheric geochemistry desirable: knowledge ot 
meteorology and ot statistics would Db helpful 
Send resume, statement ol research interests, 
names ol three references to Dr. P. R Buseck. De- 
partment of Geology. Arizona State University. 
Tempe. AZ 85281. 

ASU Is an EO/AA employer. 

Raiaaroh Poaltlon/Unlverslty of California, 

•an Dlago. Reaearch position to study Ihe hort- 
’ zontal and vertical circulation ot the Norjvnqi.nn 
Greenland Sea. Applicants should have a back- 
ground in the physical oceanography of high lati- 
tudes, experience In work at sea, and a Ph.D. or 
equivalent. Position support by extramural tending. 
Salary: S21600 to $22500 per year commensurate 
with experience. Submit resume Including names ot 
three references before June 10, 1981 to: Director, 
Marine Life Research Group. A-030. Scrlpps Insti- 
tution of Oceanography, La Jolla, CA 92093. 

The University oi California Is an equal opportu- 
nityfeffiimailve action employer. 

Postdoctoral Posltlon/UCLA. Postdoctoral 
position In experimental geochemletry/petfology 
available Immediately for research on lower-cruet/ 
upper-m&nlte problems. Succeeeful applicant will 
have a strong background In iheromodynamlcs and 
petrology. Send application lo Art Boettcher, Insti- 
tute of Geophysics 8 Planetary Physics. University 
of California, Loa Angeles, California 90024. 

UCLA is an equBl opportunltyfefffrmaWvo action 
employer. 


The Aurora in Science, 
History and the Arts 


* A definitive work on the Aurora Borealis 
by Robert Eather 

* Reveals new material 

and points out lha direction of future research LlS 

* An invaluable work . . . Special 

spanning the areas of planetology, solar and 

Interplanetary physic*, meteorology, geomagnetism, nngnctospheric 

phyilej and the history oi science. 

* ctothbound • fully illustrated • 106 color plates • 324 pgs. 


List price $49.00 

Special member price 
$29.40 


Order fium 


American Geophysical Union 

2000 Hnitil .1 Awnue. N W 
Wail'in.iu.M. D.C 2rxx..'i 


i*ji»a*COTin I 1754 


Qidtti* uivki V** W im»M W pia'p-iki 


Call Toll Free 800 - 424-2488 


Irrigation Engineer. Assistant professor, ten- 
ured hack position in the Department*? ol Land. Air 
and Water Resources and Agricultural Englnoanng. 
40“« teaching and 80ff» research Ph D. in engi- 
neering or related field with strong background in ir- 
rigation, and hydrodynamics Applicants should 
have a demonstrated interest in agriculture wilh 
competence in lhe design and porfoim.inco ol on- 
farm irrigation systems 

Teaching and responsibilities inr.linJo undergrad- 
uate level courses in W.Hor Application Systems 
and Sprinkler and Drip Irrigation System Design 
and a graduate lovel course in Hydraulics ol Sur- 
face lr ngaiion Research in innovative and water- 
conserving application meihnds. including consider- 
ations ol energy conservation and automation 
would be expected 

Applicants should submit resume, transcripts 
copies ol publications and manuscripts, and names 
and addresses ol ai least throe references to Prol 
V H. Scott. Recruitment Comm.lloe Chairperson 
1 13 Veihmeyer Hall. Dept of Land. Air and Water 
Resources. University ol California. Davis. Califor- 
nia 95816. prior lo July 15 1981 This position rs lo 
c* tilled during me iu8?-82 ad* ■ me year 

The University of California is an equal opportu- 
nity affirmative action employer and invitee applica- 
tions from all qualified individuals 

Stanford University. Applications are Minted 
for a (acuity position In geochemistry in the Depart- 
ment of Geology. The level ol appointment will de- 
pend upon the qualifications of the individual, but 
our search will locus on younger scholars al ihe as- 
sistant and associate professor level. We seek an 
individual fully committed to a vigorous research 
and teaching career and ona who is enthusiastic 
about teaching al both the graduate and under- 
graduate levels. The field ol research can be in any 
ores of Inorganic geochemistry— we are mosl con- 
cerned that the candidate display evidence of ex- 
ceptional creativity and scholarly drive. We antici- 
pate (hat the new faculty member will |oin us during 
the 1981-82 academic year. Interested Individuals 
should sand fetters of application including vtla. 
statement of research and teaching Interests, end 
names of three references to: 


George Thompson. Chairman 
Department ol Goofogy 
School of Earth Sciences 
Stanford University 
Stanford. CA 94305 

Stanford is an oqunl opportunity jtlirmairvo action 
employer. 

Rosea rch Associate. The Coal EMMChon and 
Utilization Research Omtoi at Soul horn Illinois Uni- 
versity. Cnibondafo. n.rsi .1 research associate posi- 
tron avwiabto inunodmtety lor a highly qjqlitod per- 
son lo coordinate tho preparation oi itio mining rec- 
lamation mining handbook 

Tho candidate rc cpocted to Iwvo a Ph D or 
M S I with equivalent e«p*?n enrol in natural re- 
source sciences witn research »n tho 

environmental monitoring aspects ol (ho COJ' mut- 
ing industry Knowledge ul the onvuonmrjnt.il 'O- 
quiromenls ol permitting, mining, and reclamation 
as required by the Surface Mining Control and Rec- 
lamation Ad ot 1977 ond skills in writing and edit- 
ing manuscripts, are preferred 

The succosslul candidate is expected: 

II assemble environmental .-I .n.lor-r-5 

quirements and tnolhodofegies ’or lhe various 
mining regons o' (he country noting variation 
due different mining methods employed by 
large and small mines. 

2) lo develop environmental monitoring bibli- 
ography for surface coal mining; 

3) lo coordinate lhe effort ol a writing team 
producing the draft manuscript: 

4) to direct an editing team producing the 
camera ready manuscript for final publication. 

The position is for 18 months with a salary range 
ot 51.600 to 51.800 per month. Deadline lor appli- 
cations is May 15, )981. Sand resume, iranscnpls, 
and names of at ieasl three references (o 
James B. Guilford 
Assistant Director 
Coat Extraction S Utilization 
Research Center 
Southern Illinois University 
Carbondale, Illinois 62901. 

Southern Illinois University al Carbondale Is an 
equal opportunity t affirmative action employer. 


(conoco) 



Electrical Methods 
Research Geophysicist 

The Exploration Research Division of Conoco Inc. is interested In hiring a Ph.D. 
level scientist who is competent in all aspects of electrical methods. The job will 
emphasize the development of electrical methods In a research environment to 
obtain operational systems for solving real exploration problems. The applicant 
should be capable of handling field equipment and be interested in the 
anDlications acquisition, and interpretation as well as the theory of electrical 
methods. Applicants should submit a vita, official transcripts of all college level 

work, and four references with phone numbers to: 

John Oehler - .. 

Technical Assistant to the Manager ; 

Exploration Research Division 

Conoco Inc. . 

Ponca City. Oklahoma 74601 


M 


t J' 
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DEAN 

MACKAY SCHOOL OF MINES 
UNIVERSITY OF NEVADA, RENO 
MacVay School ot Minos Is a coniury-old aca- 
demic unll of lha University of Nevada, none, 
grentlng graduate and undorgradualo dogiecis 
In lha department of Geological Scinncea, 
Mmlng Eng inoo ring, and Chemical & Metallurgi- 
cal Engineering 

The RosoarrfuPubHc Service components of 
Iho School are Nevada Bureau of Minos and 
Geology. Mackey Mineral Research Institute. 
Nevada Mining Analytical Laboratory, end Iho 
Seismoiogical Laboratory 
The Dean is responsible lor leadership and 
coordination of: the education, research, and 
public service functions; promotion {including 
tund raising) of the school; programs with 
groups Inside end outside the umvorsily. 

The Dean should have; an earned doctorate 
and be tanurobie within ono of ihe departments 
of the school, B significant record ol teaching, 
research, and publication, the demonstrated 
ability to procuro outside funding, ovEdonco ol 
sulticiont academic, industrial, or governmental 
administrative experience lo provide leadership 
for the educational, research, and public ser- 
vIcq units ol Ihe school 
The preferred atoning doto is January 1. 

1982, but candidates who cannot start until July 
i. 1962. will bo considered. 

Candidates must submit a latior of applica- 
tion. curriculum vitao, and ihe names and ad- 
dresses ot five references before July 1 . 19BI. 
to 

Chairman. Dean Search Committee 
Mackey School ot Mlnea 


Faculty Opening. The Dspariment ol Geologi- 
cal Scion cob of the State University of New York at 
Albany invites application tor a tenure track faculty 
position which will bo available from September 1 , 
1981 Bl tho B9S'Siant professor level tor a research 
eitontod sclonlist to |oin a department with 
strengths m structural goology. tectonics, gafteham- 
Istry nnd petrology Apphcotion* ore invited from 
Qootogisis. geophysicists and geochemisls with 
Ph D dogroos who feet quailed to oomptamart ot 
augmanl studios In these fields Salary will be ne- 
gotiable Loiters should bo addressed to: Professor 
Kevin Burke. Chairman. Department of Geological 
Sciences, e/o Personnel Department, Slate Univer- 
sity of Now York at Albany. Albeny. N.Y . 12222. 

SUNY nl Albeny is an equal opportunity aflirma- 
lrve action employoi. Applications from woman, mi- 
r]oriflB8 and handicapped are especially welcome. 


We are seeking a candidate capable olleachlng 
undergraduate end graduate courses and stipends, 
teg graduate research In sgtamic exploration geo- 
physics. Specific research Inierasts need not be to 
that area. Applications are encouraged from Individ- 
uals with industrial experience. 

Applicants should submit a resume end ihree let- 
ters of recommendation to Dr. Mold U. Ahmad, 
Chairman. Department ol Geology, Ohio University, 
Miens, Ohio 45701. 

Ohio University la an equal opportunlly/aflirma- 
live-action employer. 


Poitdootoral Re search Associate Post* 
tlonc, The Johns Hopkins University, Ap- 
plied Physios Laboratory. Positions are avail- 
able tor studies ol magnetospherlc-lonospherlc cou- 
pling, hydromagneiic waves, and plasma 
instabilities to Iho Ionosphere and magnetosphere. 
The selected candidates will participate in lha anal- 
ysis and Interpretation of date from spacecraft and 
ground-based rada/a as well as In Iho development 
and (mplemontalion of new ground-baaed and 
spacecraft studies. Positions ere tor one year and 
are renowable. Tenure may begin al any lime 
through September 1. 1981. Applications 9hould be 
oddressed to Mr. Steven F. Sayre. Dept. ADM5, 
The Johns Hopkins University, Applied Phyalcs 
Laboratory, Johns Hopkins Road, Laurel. MD 
20820 

An equal opportunity employer, ml. 


University of Nevada. Reno 
Reno, Nevada 89557 


EEOAA employer 


Gaophymlolit. Applications aro invited tor a 
tenure track position In geophysics lor Ihe 1981-82 
academic yoar. Tho Ph.D. in geophysics or a close- 
ly related hold is required 


SERVICES 

Sorlppe Remote Sensing Tutorial!. 

1A. Overview of ihe Remote Senatog FecWly— 
This one-day seminar describes the data bases, 
sources and processing capabilities available at 
Scrlppa Institution of Oceanography, Remote Sens- 
ing Facility. A morning lecture will Introduce past, 
current and future apace platforms available for ob- 
servation ol Ihe Oceans. A brief discussion of 
where and how to access this Information will con- 
clude the Ural part ol ihe class. 

The altemoon will Include a damonstrallon ol 
processing and displaying Imagery obtained from 
TIROS-N, NOAA-fl and NIMBUS-7. 

Classes will be held at Ihe Helen Raitt Room SIO 
library on Monday. April 20, 1981 and Monday, 

July 27, 1881. el8-.30 am. A nomefundabta (ae ol 
$50.00 must be submitted with Ihe application. En- 
rollment limit— 12. 

2A. Users Introduction to ihe Scrlpps Remote 
Sensing FactHty-Thto lour-day workshop is Intend- 
ed exclusively for individuals who will be using (he 
facility al Scrlpps Two morning lectures will de- 
scribe to detail (he hardware, software and person- 
nel resources available to oceanographers. Existing 
date bases, their characteristics, location, mode 
and cost ol access will be covered. Basics ol Image 


processing will be Introduced along with In-depth 
look at the Interactive Digital Image Manipulation 
System used at the SRSF. 

The two lectures will be followed by afternoon feh 
sessions which consist of hands-on exercises to-fa- 
mlllarfze users with the hardware /software al the lx. 
clllty. The third morning will be devoted lo train ub- 
ere in realtime spacecraft tracking and data record- 
ing and acquisition. 

Tha remainder of the 3rd day and the entire 4th 
day will be used to work with users on a one-to-one 
basis. Attendees are encouraged (o bring ihelr own 
digital lapea with data ol interest to them, which 
can be used during this last portion of the work- 
shop. 

Classes will be held In Ihe Helen Raid Room 810 
Library starting on Tuesday. April 21, iggt and 
Tuesday, July 27, 1981 at 8:30 am. A lee ol 
$335.00 must be submitted with each application. 
Enrollment limit— B. 

For more Inform atlon regarding applications, 
(eas, etc., please contact University ol California al 
San Diego, SRSF/SIO, Mall Coda A-030, La Jolla 
California 92093 or (714) 452-2292, 


SUPPLIES 


Rock Hammer with pick head and leather hol- 
ster tor $16.00. This Is $6.00 below list price. Wills 
for Ires catalog “Geologic Raid Supplies and Pros- 
pecting Equipment". Western Heritage, 101 S. 
Washington St.. Hinsdale, IL 60521. Telephone 
(312) 864-6228. 


Supporting Members — Individual 


Individual members who 
contribute $80 or more per 
year over and above their * ✓“v-f 4 

dues are designated as 
Individual supporting mem- 
bers. Contributions may be Cnr l m* I 
specially designated to sup 
port any Union program or 

project, added to the ■■■ 

endowment fund, or given !«•-«■ m - t 

without restriction. In addi- 
tion, (he Committee on Financial Resources has directed 
that members contributing $80 or more to AGU -GIFT be 
recognized as supporting members. The following are so 
designated: 

William C. Ackermann, L. Thomas Aldrich. Richard J. An- 
derle, Allan V. Cox, Anton M. Dainty. Earl G. Droessler, 
Richard Groeber, Charles Helsley, J. Brackett Hersey, John 
K. Hall, John K. Howard, Arnold i. Johnson, Carl Kissllnger, 
Serge A. Korff, Helmut E. Landsberg, Paolo Lanzano, 
Thomas F. Malone, Etwood Maple, Muril H. Manghnani, Je- 
rome Namias, Barry E. Parsons, David F. Paskausky, Lou- 
is Q. Guam, Phillip B. Russell, James C. Savage, Erick O. 
Schonsledt, Waldo E. Smith, Kendall L. Svendsen, Charles 
V. Thels, James A. Van Allen. John W. Vanderwilt, Charles 
A. Whitten, Loren P. Wicks. 


AGU SCHOLARSHIP ASSISTANCE FOR THE 
ACADEMIC YEAR 1980-1981 


The June Bacon-Bercev Scholarship In Atmospheric Sciences for Women 


Scholarship assistance In the amount of $400 will again be made available lo a woman who Intends 
lo make a career In Ihe atmospheric sciences. The award, which Is provided through a gift from June 
Bacon- Bercy. a noted practicing meteorologist, will be made on the bads'of academic achievement 
and promise. To be eligible for ihls scholarship, a candidate must be one &Kthe following at 
the time of application: 

/Vfo-Gl ' 

• a first-year graduate student in a program leading, to antedvajfl£11^f?gree in the atmospheric sciences; 


• an undergraduate tn a bachelor s programJe&Qln a degree In the atmospheric sciences, who has been 
accepted for graduate study In llj^ field; Jot^* 

• a student at a 2-year Institution of f^ftpg^'a l-least 6 semester hours of atmospheric sciences, who has been 
accepted for a bachelor s degree program in the atmospheric sciences and who has completed all of the courses 
In almospheric science offered at Ihe 2-year Institution. 


Application forms are available from the American Geophysical Unton, Member Programs Division, 2000 Florida 
Avenue, N.W.. Washington. D. C. 20009 (202/462-6903). Selection of the awardee will be made by the AGU 
subcommittee on Women in Geophysics, In consultation with the AGU Meteorology Section. 


DEADLINE FOR RECEIPT OF APPLICATIONS IS MAY 15, 1981 



Workshop on Thermal Measurements and 
Geothermal Exploration 


Chapman Conference on Spatial 
Variability in Hydrologic 
Modeling 


A workshop for Invited participants from government, In- 
dusliy, and academia was held at Ihe Fori Burgwin Re- 
search Center ol Southern Methodist University at Taos. 
New Mexico, from April 29 to May 2. 1979. Forty-five par- 
ticipants and five government observers attended Ihe work- 
shop. which was organized by David D. Blackwell of lha 
Department of Geological Sciences at SMU and funded by 
the U.S. Geological Survey Extramural Geothermal Re- 
search Program. The purpose of the workshop was to ac- 
quaint Ihe government participants with Ihe applications of 
Industry and to acquaint the Industry participants with the 
techniques and expertise available In government and aca- 
demia. Techniques that Involved the measurement of the 
earth’s heat How. both convective and conductive, and the 
use of those measurements in exploration for geothermal 
systems were Incruded In ihe scope of the workshop. 

Participants gave presentations on and discussed heal 
flow and geothermal gradient techniques in conventional 
depth (40-150 m) drill holes, Including cost effectiveness 
and significance of these nwasurentenia In exploration pro- 
grams; drilling problems and gradient disturbances, such as 
wafer How and topography; application of very shallow (1-3 
m) temperature measurements In the Inference of deeper, 
thermal data and fimlte of reliable anomaly, detection (about 
400 mWm“ a , or 10 x t0' # calfcrri*-s); deep temperature, - 
heat flow, and hydrology studies In 400- lOOO-rn drill holes, 


especially the relation between shAflow and deeper condi- 
tio ns; deep drilling (lOOMOpO m)Tor location olpoqwd^ 


da! temperature systems (greater than 200°C for electrical 
power generatton and determination of reservoir stature- 

of SlSSSf 3 Ud ^?. Ir l geothermal systems for prediction ’ 
of temperature; and interpretation of heat flow measure- 
ments and geophysical modeling techniques. 

Regional and local case studies were presented bv oar- 

U S X S! al "f* BMes In the southeastern 
^ dw a1, Wyoming and the Cascade Rarne- and 

ES5MT ln “ «”KS" 

■pSKKaxsjrr 1 "" 

'ho IndSf ’in 

SSSSiSSt 

zallonof dry hOtrecE and * 

an understanding of conduSve <L h ^S*S? k Vel S pment 
fer In the earth'serest ,rains ’ 

. ergy ulllzatlon Is a major «£t of fl^tlwrnml en- 

thermai exploration. research applied to geo- 

Union OH 

in this Bate ok. 3 U. j*rzzr 


July 21-23, 1981 

Colorado State University, Fort ColJlns 


Purpose: The conference will provide a foru , .. 
where surface and groundwater hydrologl sts ' 
scientists, and applied statisticians can discus 
ress and research approaches in dealing wltn 
variability of catchment surface and Bubsunacap*!^ 
erties in a distributed modeling context. ^ 

Call for Papers: Published in December i 
Bos. Includes program topics planned. Ab$tiw-j;«g 
deadline: May 15, 1981.: - 

Convenors: D. A. Woolhiser and H-J. M , ’ 


Student Travel: Some travel money wUWJLjjj 
able to students. To apply, write lo-AGU, 
educational background and your advisor 


Duumuonai oacKgrouna ana your but.™-, 
Briefly explain the reasons you wish to att^pofl 


unaiiy explain me reasons you 1 
For further information, call or write. 
grams Division, American Geophysical^^ ^ 
Florida Avenue, N.W., Washington, D A 
phone: 202/482-8903). • . ; • ;f- 


<• to 




Hill, on thelpdrgin oEthe Valles calderaf to^ 
partlclpantgthi oirfoht and future potefitianoi^ 
energy. v 

' was prepared- 
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Estuarine Comparison* 


The E 9 tuarlne Research Federation will sponsor the 
Sixth Biennial International Estuarine Research Conference 
from November 1-5, In Gleneden Beach, Oregon. The 
lliame of the conference Is ‘Estuarine Comparisons.' 

The preliminary program Includes Invited sessions on lar- 
val retention In estuaries, estuarine sediment dynamics and 
sedimentation control, ecodynamic comparisons between 
estuaries, Ihe origin and development of the Yangtze Estu- 
ary comparisons among anadramous fish In estuaries, and 
dynamics beneath the marsh soli surface. Field trips to 
nearby marine laboratories will be scheduled. 

For additional Information and for registration forms, con- 
tact Jay F. Watson, Treasurer, USFWS Suite 1962, 500 
N.E. Multnomah Street, Portland, OR 92232, Deadline for 
conference preregistration Is October 1 . SS 


Ca^ a 8 n^KrInn d H R8 T e SenS,n0 S ° Cl0,y: 3nd thB ^rl- 
UniversUy 9 departm8nt at Sou,hsastem Massachusetts 

a u d S«n S“ and for reglstratfon forms, con- 
’u' 06 ^ 1 Engineering Department, Soulh- 
eastern Massachuselts University, North Dartmouth, MA 
02747 (telephone: 61 7/999-8475). Si 


MEETING ANNOUNCEMENT 
LUNAR AND PLANETARY INSTITUTE TOPICAL CONFERENCE 
Co-Sponsored by NASA andNSF 

PROCESSES OF PLANETARY RIFTING 


Computer-Aided Seismic Analysis 


December 3-5, 1981 
Christian Brothers' Retreat House 
Napa Valley, California 


Deadline for abstracts of papers to be considered for the 
Second International Symposium on Computer-Aided Seis- 
mic Analysis and Discrimination Is May 1 5. The sympo- 
sia, slated for August 20 and 21, will be held at the 
Southeastern Massachusetts University In North Dart- 
mouth, Massachusetts. 

Papers In all aspects of computer-aided seismic analysis 
and discrimination are Invited and solicited; solicited topics 
Include mathematical techniques, digital filtering, computer 
network, dale analysis, and pattern classification for seis- 
mic sludy. Special sessions on non-Gauss)an signal pro- 
cessing and hlgh-resolutlon spectral analysis are also 
planned. 

The symposium Is cosponsored by the IEEE Computer 
Society; the IEEE Acoustics, Speech, and Signal Process- 
ing Society; the Pattern Recognition Society; the IEEE 


CONVENERS: B.H. Baker and P. Morgan 
SESSIONS PLANNED: 

1) Speculations as to the origin and development of r(fts 

2) Constraints on rift evolution - setting 

3) Constraints on rift evolution - geological development 

4) Constraints on rffi evolution • physics and chemistry of the 
lithosphere 

5) Resources associated with rifting 

6) Our state of Ignorance and Its remedy 

Attendance will be limited (o 60 participants. Send a letter of application 
with a brief, but specific outline of potential contributions to the meeting, 
including a provisional tide it you plan (o submit an abstacl, to Rilt 
Meeting, Projecls Office, Lunar and Planetary Institute, 3303 NASA Hoad 
1 , Houston, Texas 77058, USA. Deadline for applications Is Mny 20,1981. 
Furl her information can be obtained from the above address, or nlmnc 
(713) 486-2150. 


GAP 


Separates 


To Order: The order number can be 
found al the end of each abstract; use all 
digits whan ordering. 

Cost; $3.50 for the first article and 
Si .00 for each additional article in the 
same older. Payment must accompany 
cider. 

Deposit Account; A minimum of 
VflflQ may- be plaoed-on deposit with 
AGU for Die purchase of separates. M 
funds are on deposit, the oosl of the first 
article Is only $2.00 and $1,00 for each 
additional article In the same order. 
Separates will be mailed within 3 
waeks of journal publication or within 10 
“y« 11 ordered after the journal has 
appeared. Separates are available for 
purchase for two years from date of 
publication. 

Coploe of English translations of artl- 
Irom Russian translation journals 
available either In unedited form at 
Jo time of their listing In EOS or In final 
Ponied form when a journal la published, 
ire charge Is $2.00 per Russian page. 

Send your order to: 

American Geophysical Union 
, 2000 Florida Avenue, N.W. 

Washington, D.C. 20009 
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37C0 Clleatology 

SPATIAL AND TEMPORAL VARIATIONS OF WMHLT MLVI 
TOIAL COLUHNAP OZONE DERIVED FROM 1 YEARS OF SUV 
DATA 

R. U. Tvlaon (NASA Lonflay Rsnsarch CM i nr, 
Hanptoo, Virginia I 

Tho runthly naan trial columnar oiona fialda 
ara reprosantad by ninth dagrno aphsrlcal har- 
Donle node Is. Spatial epoerra am defined In 
earns of alspls analytic nxpronaloru which 
rapTonent tbs ru veto ol each spWlcrl hae- 
aonlc cnaff lclant. These spectra ara cosblaod 
with nstlaattop theory techniques to dovalop a 
realistic error analysis that accounts lor error* 
dua to Donglobal coverage. Over tbs 1 year data 
eat, eystanitlc variations are represented by an 
annuel, seed ~e emus! . and btannlal nodal , along 
with secular trendn uture required. Tbs annual 
component of sonal mean oiono comporas favorably 
with previous results based on Dobson date. Tha 
semiannual tens le ehmm to be the dominant 
variation new the South Pole. In tbr TroplcB, 
the results support rtf theory that enhanced 
Hadioy tell circulation la responsible for tho 
bfannlsl verlelion In tonal oosn otons. Anpll- 
tude and phaso variations for longitudinal woven 
1, Z, and 3 ere presented, In the Northern 
Hemisphere, those waves reinforce In spn:e end 
time during the period of high poleward trnnn- 
port or oavne. In tha Southern Ben'MheTa. U>* 
wove Z and 1 toepanenti aro much eaallvr . and 
wa«a 1 naxisio aaplituda occur* In (top timber end 

j^Xmpliys. Ros., Cr-*Q. Paper 1C0W8 
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BUnagT: THOXY VS OISSMATWVI 

Jeees A. Ooellej, If. Oatlenel Csetsr lez 

Ataeipherlo Research) _ 
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3140 Clascal Circulation 

ASPECTS ON STRATOSPHERIC SUDDEN WARNINGS 

STUDIED FROM A TRAN5FT3JOD EVUIIAX-MEAN 

VlIHfOlHI. 

T.B. Palest (Hatsorologlcal 0f( lea, Srackne)!. 
Berbihlrs, Eu gland.) 

Tbs ■tratoaphatlc eajor warnings rf 1979 end 
1980 ara diacuaiad Tree a tranafensd Euler lan- 
esan viewpoint. For both vamlsg. a high lati- 
tude polar night Jag cor* ailslad prior to the 
olrculatlee rawaraal. It la suggested that tbe 
position ot this Jet core use teportAiu. In the 
davalapeant of tha varulgga, and aoue thtoricUal 
Justification for ibis la glwau in lens of the 
relation between the non ol the «\ls»»eft-Pnl» 
flux sad ghe refracllvs ledax of tbe sonal ssu 
1 1 du. Tbs possibility cbtt the pout ion or the 
Jet areas (row tha dacay of an aarilsr waning 
pulse In dlecue.ed. . 

(sea coapnrlson Is asdv bttwsen trenironed 
and utandtrd Eulsrlaa-usau diagnostics, sod ira* 
tbeas It in concluded that tba traneforetd pic- 
ture ladtsd fulfils expeciatluon that It li 
t Jeter tn * laicaagtan dtstrtptle* of lha 
stratosphere during wining condition. 

Ce^arlsoD le also nads bstwetn tba observed 
mralnu.and recent nweeritally glaulated 
warn Inis. Dlffersnc«l its (aund, notably in tbe 
diagnosis of high latitude aces Is ration tn the 
l9d0 pte-virnlng period and tha position ef ap- 
pearance gf the tare wlud In the 1919 wanleg 
period. Tha peailblUty that griHodltlMiag 
of tbs «om 1 flow by an eadler wimlnt pulse 
Ja an tape riant aiput (n the' devalufMni of an 
einoeybarie an) or warning, and nay explain tba 
dlscrsHoelas with nodal rsiults, Is dlscesssd. 
Expert la drawn (ran sarller dtudlst ef ntrata- 
ophsrlo wemlnge. . llUU11 
J, Oaspbye, MR* ■ «san, fif«. IW»1« . 


1T41 Gravity wnwat, Lldai, tad 
■aval- . . ' • _ 


Zln sttor or a jet mkAiwwuiUi aww- 
nnui iHTABiLin ‘ ■ 


*• Uun 1 ^ ! * tewiCTin ; 

«*t»ard e * rth k Nlnnetery 

’hip,.?! l° r lha pbot^v Hcxiroy , 

**• *••*« la itetlfng , 


CdBiivMv. . _ *' 1 • -.1 r 


Iiail Muni -7 . . m V 

. of lba XSI dscrsiial llaAarly' with lacrae»tng ■ 

lias so that ■ ista’t)’ • **** J* 

daflaad. During lha eccdrtssic* ef tb» ESI, the 
radar ilgpil pom is chuaeistixed bjr PjHpdlo 
bifat! «ls 2 ° dl qboTi ths Mit Rover tnvpl. 

The barns ha*n « psrlpd ^.U, to t bsy e f tba 

■ ni mi ,rt rxstf isisd to hatgbte innad the . 

critical level it which VM RSI Ji g*nar«di, ^ 

: Sill MdtBtlnps Isdlnsts Chat tbs fwvr bunts 
"I - ere RrodocSd by italic Instsbllltls* Hbleh Are 1 ' 
"■jgBf ti. nrlinddn* tenUttiiJwi.f 


: SASESiaiS-^a^i ? m,rm ' 

I OP VHP LtOKTHlNO 8 0 ,°A 8 0a V 1 1 o paa o t 

Wei, O. E M .«I et 

Division , (sy KeVieo 

.end T#ehoele.8> ,t *«f*1'1 S • ' . 

.;•».«)) *• JaneX-Bj V. f ii r o’ei T f L« '. 




I' :! ■ 


AGU Spring Meeting 


Explore and 

PExperience 


an evening 
at the Science 
Center from fossils 
to lasar beams 
Join the adventure. 


k 


Wander through 
an array of hands-on 
exhibits touching 
on a diverse range 
of disciplines. 


8eer on fap and a great 
buffet offered from 6;30 to 
9:00 pm., Thursday, May 28. 
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following l he ground flash- We presenr 
data f run three rieshes showing frslurss 
coDosn lo the f fishes we s’lslv rad . The 
I n I r I a I ipracedlng the Mret raiurn 
attokrl sad Iniracloud purl lens consisted 
of s lirgs nuubsr of burst* of .sic 

aviriga duration occurring on the svarege 
every 1 M> «»**• Tbe posit inns sdMn eert 
burst developed la s syilrullc, nearly 


linear, swquanca with apparent apesds nf 
-10' a/s. Ths relit I va posiclrns trot 
burst co burst drllnd through tha sl« 
vlch upasd* -10' b/s. In lntrnctr<vd 


portions this drift was sled onl nan ( I y 
horltc.nl ■ 1 . In ground flishan the VHP 
sourcss drifted downward. In affirt the 
loader far the first return stroll. Thev 
csreloatsd at the return ntrokt. 

J. Caophya. Roe,, Ctssn, Fapnr 1COS77 


J. glsstsraaysr (Ksrfluel-lRiitoi far Aerooa- 
]||| htl subs rg-Lledtu 1, (ad. »ep. Oedtwsp) 

*'g(iIJ"ioluttw *» Barfiir rader ssliswsu 
inrlai a 1st It"* passage MI*' 1 J*®* 1 »•••«■ 

UetdUUty (R<9> * fuelled Invuiltetlee ef 1 
tha vileeliy dal* UN dlglul ftltsra and 

U«|t sqnafni pdthofs ib tat that lb* gnswlh »(! 


—Don't Miss It— 

Tickets are available $6.50 
Pick up ai the reglsfrailon desk 
If you haven't already ordered. 


faring the (inwlh llwr, IliO v»rii' il pi *111 r •' 
I hi rein winl eil.il. Its ■ hare, tnrist ir ■ r - |s >T al 
rKangws |l'l( .ar. pr-I.ehtp he AV.rlln) (■ ■ 
He/n>l.|* iiimi V* She Mil. Ih.ore is i ».••!• 
d*n.- e ,hic ■ hi. rSiirivv-l s'lll il peri ..I i 
ol till, lull l.,Cr * I s l-.n.'-pcslvl .l.H'l. -■'«!. 

‘ • ■•AvpIlV*. S«».. '.era, I'.if.ir 


)!> • ir. 1 i l«4 ir. : gem. . 

AT J.-%* |!| A (7t . !■■■:■ •.I". . 

iM'.Sij-.jin a i «si“.A i_.-i /i:i»,-Aii..-i 
b - i' J r .i In. ac.| . »• .. j * 

h-..jljwr. Cl" lu r., • j , rl.A., j ■■ 

J w Hurl;, ,-r l I - "II W I 

hr:'. - ) npi .. j»"v> ii-i in it- 

riist.yn dill i|l(» i! • , iur,.< ''■‘.nil ' 

.urljTli".. .hi. li ire n-pi.-’. 

ar-1 In ;MH. Intel .igcr.e Alow fiuns |..j I; 
In £h|gn hjt J • 1 0 fr.r .ir.lv yt'-'j* !•> ■* 

I : 0 I w;r' .... r . ■ i 'r • 

ahllc sir.' , ,|.|'. I- . ,n» ».' i w.-.a, • 

pst;l: Itebl* -iter ,-c ,r ,i-».e pwi l- > 
ol rhiio nlth • r |i > 1 ....t.-r. i> • 

ac.. 0 jnt fjr It', '.vc. njl \irl,'|rn. (.jr,^ , 
dlr-GiC'oric Ira lector i anjl.n, Ir.iKalc 
Ino;otg r gp1c lrjr.ig.jrt cf it'O'.nlt frrti >r.» 1 
non .,r A-.lan continent X ; -.;\t 1 1 * e 1 . r. 
litl* far th* Mfdtsr.il warlll >or; In st-iyiP 1 . 
Irir.t-lsilon urd dero'.tl r.pllcal proper 1 1 * . 
J.'.eupn,n. »w»., P.iprr 


Inotrit-, Hi anj cuohn M'jsa 
KEASI'fcTIEn TE.TXMnnS .‘VAILA31E ro= nf 
sfif DLT AirmiHiyi r,'«pju*i 

»■- Cogs (Awrtony Lab. !.0AA.'ESI. Tr-< liw 
vouldor, CO ml T. Via Jar It 

lha study ol alusphcrlc J.DI-Ica In ins TfldJl* 
Ale:sphure Program f“AP) will depend etr .nel* *n 
t-'th tha quality and quant ll s cl vlr 1 siiiur. cents 
la*c.i during the gregra-s. This piper prsss.iis a 
survey of iho status of the un/ techniques whieh 
can be utlllrcJ ic ctaaure wLrJ In she riddle 
at -w sphere. 

Rost wind cibssTvailcns l» the at rate sph »re and 
ntnphsrs have bean asJs In situ using hallccus 
and rocbela. These nbaarvai less have been >up- 
p! merited for mny jean by ohiexval lt.fu fiwn 
gtcu=it-bss*d rour systeo* auch os tha oaten 
raise. In rarest years several radar techslcuea 
hies hern davelcped that nwld add alpn If leant ly 
to tha date bate of ulr.d ch ser.stJcaa f«r TUP. 
Thrir Ireliifa tbe loichareuc scat tar radar riihnj, 
tbe partial raflecrlcn delft rdth-1 and tha HIT 
radar technique. 

The real problea for HAP Is vs obtain adequate 
wind ditta In the VJ-hO kn rAige. Eat this alti- 
tude range e variety ef rucVet techniques or* 
used routinely iahc<ut onra a week) at at ot lots 
nf lha wofld-vldo Me tear. 'log leal Racket Network . 
(KPN), tihltu cereal devwlopsanls In radar tfJ- 
■urssent* ol.ihs nlddlw siMiyhira reiae the 
rrtsililUt'i of Mitlnurm ree.it* wlsJ ri jiurmnl 
using tha HIT rader ari ihe partial irllcilM 
drift ewtbw.d at r few t... ntitni, a truly glibil 
sit nf wind nhsrrvatlona suit avail tliu dsrefap- 
eint wf new (stellite Cerhnlqus* which vlll n’l 
ho available for a not hut S-10 years. 

J. teopliye. R.|, , alrten, Paper lC0bl7 
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800-424-2488 
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Mineralogy, Petrology, 
and Crystal Chemistry 


4Kil Fui jui.ae 1* , |clK]ii|'lif. ar.'l 

TUB H.TI Vt THE A<iCW.DIli: 

nflikbi silicic vhtamics or s.r.. i<oziui^kd 
AW> tl. E. MW IWBH VMM, 

A. Will ILopl. c .1 r-,y L falnar* U-yy, L'nlvaia- 

Ity nf (iHmlind. Bt. Lucia, Britbir.a, 

CuaW'illnl 44C.7) 

ir.D Mia OlIqo-rena-Rady is Incan* vn Iranian of 

IMS rsqlr.fi l» chnlully sunnily hl»>>ttl I the 

aific Inn itoliMlilcilly dwlnutl cceirlaa 
UMlLi. Rival Itaa. ar.a thnLaLUIc arriasltea, 
while tha ill tele aiuptlvea ara Mlnly cBawr.ctlteo, 
[utaaalc iiichytaa. ar,a potaaslo. M-fh-alllca 
■h/OiLlaa. TH ccaan4ltai ami rhyt,iltaa hava 
dtatliKtlva tree* alaeant abundance [itlirna. 
ratably tha uiiw -taplat Lena of Si. Be. Hq. Mi, 
p, Ci. V, and Zu, and tl.a variants sailchnant nf 
•wen aleasnia aa li>. :r, tb. Mb, Zb. tl, an.) Th, 
Tha trachyte* ajhlblC thaao chin. lariat les to 
lailtr ds-irsei, Tha ciurondLte* Are dlatlr-gulahol 
(im Hi ihytlLtia by their overall ulitlvo cn- 
rlcMau el tha aota highly chirgri cations la.?. 
US. Mb, T. and especially trl and If). 

TM ihanecryat alnaialaqy of the trachyte* an-1 
(hyclitss soagrlaa* varloui ct«h I net ions , 3 f tho 
following yhasaii aodlc playle-Uso (aLbLco- 
SerTatUM). calcic ar.orrhce!***, nnldlra. luartc. 
faixmwjIts-ferrohedonber^Lto, (ailChyLorsCheno. 
faySlLtlc olivine, ILetMla, c lur.e.vjnotlto, J f .J 
caret/ ti-,tita (near ar.nlto) and fi-l.utlimltlc 
nfhlult, Accaaiorlii incluli h HIM. iliciin. 
chevkln L to (fan. '^ahntarT I ta •bailing rhy.lltaj 
only), ar.d allanlte I ary h Hole and bloUta ihyv 
litoa rnlyt. The caar,n<Jliea gMiialll ecfltaln 
Ca-fu i Jnr.r cl, -i. Isis- suit dine, quarts, fliail- 
arf n-iionlta, aoqlrtne and aa'llllna-millto l.'.c- 
baarlnil. aanl^uclla. I llnanltl. 

Cratlallng ro~TL '.'il'bs* ace «£«vint In tha curt- 
ail litre, and ■alarlvtly ur.caan>n In cho ii.yillta 
and tlacl.ytaai vtiari praianc they IMlruo aqull- 
LbralUn ItarnratulDi cf IK-OlibC. an 1 Ifj b*- 
luaan IfH aol M buffer*. Tho n.tTrji ara ttiui 

is hate been ita. ruily eilei u.iniK* 
uratcJ Juiln.j phsnccryac a ;ul I Itut Un, wTiKl, l» 
aliu .nnlnini with The -(Ci.iichI ini'll - ! or t-y !•' ■ 
cl allies, the latlty .•! hydccue nLnsral |hjica, 

Siul I ha aatraM ra-ancichaJ fcriorugn-iljn | l.fl/" 
ciyat uainalt l cia , 

Tha ffcenUal ar..l ell<eca|,.-it.:al dtla ara liilni • 
pisit-1 to mil. ale the iieiatlia »r •«!>•-» 
riltllinatliiA pi. • fll«1 i.-nt (Oiling i fa ■lec..|,.| ■ 
Ml el iM eLllnc an l >i.a i.ani liie'i. 

Iiarhytaa, in! ica-hyta-ih/vlll" *».iai*e 

ate tcr.ti lrir.| «■* MM «....-l**.| Pr-ci a nfl. 
paisnTaio. The iiille.M ,-ar-im, ii"l ti> tr..'* 
Ifjlc data, hi-wavrr, I., ie» r- -tkf tn.ilt,.n 

of ire P.lyui thiiuth ci.itlil rpllllidll'r i 
crjtai. The ri-ilnlni i.l jn-eU 1. 1 il.yclltc : n,r 
t milder* I 10 a»>jt Utrly [irrctmt ciiiCtal 
[iitiJl ralte, tut a riln i.^lirir J by .almilvL- 
III .It . natl-.ii, 

1, iTroplif a. lei.. Red, P.tper 1 B45 1 1 



4 .-I .-1 Tir ■<>■■. il itiKf'.'i. 11..I ill 

111 Of. f;.. I AIM ftllhil 1 1H. I i.lifca .Tl -.IKAJ.iai 

.•..Timi.ai isa|.ii|.'.. in i I'd >N'< ‘.r.v; 

N. f. 1.1. dll k. II. Hr I I ..1....I .1 full. 
td.1'1', rj.Tilll. I'.«l al I , , hull. I.ir.1, •!.'.'•■ 
.‘Ill, I11114 II jT 

I Hill'll Imie'.t-.-i "I llu Nn ti.ala.ll 111 

lit', lie .11.11*1 li.r • II. a na-.'l a-. lira j.. I 1 
*1* el leu 'M.I lilt 4 i'll lh- t.l a I *. ..I I'.llf 
Aaa,hl>, M*i'l»-aT.sl ai.d |a |, v |, . Inravlei l»i I- * . 
la. ulifi ara 'J-r |f J.-l > all- 'ilfrlii.l In air; 
t’.r*^ a *.IT* a 11! t!» l*.j..'j(a'el lltaa «. I - 1 ■ a a 
»r.l an 1,'i'er leinl u. 1- Tilaaalc In a,-». Il.« 

rn-ej aultta and Ilf mleiicd e'-uico-r.- • i;.p«i 
ire: <1) 6- ffJarn Dvi iik hull* - tin ic-i l.'l. 

V«ral irlO'.ui viii, Jl'vntnv r.vtsi 111 HI I ■/•.<%* 
Pl.it al. : 'ilta - <t|1>;*T-it U, \ .« 1 ■ • let. 1 - 
rellall. Foialualn ■, .--t j.eJIr .-.it jr/ i.-sia; I li 
■ Ijrrn.a .l.ri Plul.M: -mice ■ * •? -;T iiMji'-: I^J 
-■•rtl f lei till* iul'.e - t-il-h ••?, • * h* 1 1 cat (!., 
Vralli flu'iilr ..In ■ | r.'i.i. Jl-.-it , r . r - . I 

a.I (l‘*l l. I . I«a.r.* ill-y 1 1 lira hi..- .in l-i.ir 

• Il.'l n 1 1. . ■ j ■ . ft ..ihi. n. 1. 

tJilU. -illlft* a.-.iiC. Icji' illik, tu.iiau, 
laeiife!, lauict -,i;h*i. 

1. f .h;V. he*., hid, Rarer IBbWh 


kZPt Pn.MlJn cf nlnai ,Tf 

RFKCCIlSin AlfUKD TO PEAR WU5VU tSTUCATU. 
in •ritniTs or siimd »ocrj 
Phil is; ■ h-lffl (Cental fai Halaeiita Stud lea, 
ArtiP.'i Stall knlairill*. Tope. Hilnna IJKli 
l‘r:l praar.tea In ri»ie.'it ell Kates and 
ilaia*i if aP.-cked crcks an deduced Im the val- 
ve* nf the I* lalracclTe mdo In), n la dtraecly 
lltllil'W In |cl!*til thin aicl Ion ty eeasurlim 
rinril.lly niIib a •liiniiflf:iOMii| tcchaleua 
ilariel to tinnipjraat nlBiral*. Tie lachnltjMe 
ia trill I in iiparLcanUlly a.-al nltutaUy aMcksd 
etyatalllra locta, a-J mi uniM.-kad ut trial . 
the trctalTu* la (ait. r.on-dtitnjsllva, dlractly 
afaptii :t tPa ituf/ tf utuiallp ihcckad naca- 
rlcl*. a-1 can ka otad Tur UiiN ciratalllna and 
|la*v< chile* <>itrnr th* structure aol iba eoe- 
prilllrr.. it* oj] :r llallallcn aciuallv cuee 
IriT cPe un:lt; oT uperlaiotal data nlailns 
■heerk pietiuia ir.1 lafrirtlia lain ler cslibra- 
tlr. kCiin; 1* aiceller.t Ter CKtosilleaeac 
lr. the rii*i 15-lJ CPa. Tha suit alia cf chi 
-leisured flail UC jar Isis) sllnvs tna recc** 
ntif.-r i-.l ; car. t Hal l.-a eitlcuia el riURin 
Zrallerts vltV.lr. ibincli. All tntsr- 

scJiate vjIjii far n irs fa.nd racilti Irsa n of 
the uii.'ickeJ nir.irali (j a of cti* ciinipiidln| 
dlsplcetle alass. Isi dlsplaclle (lasse* of 
^.aiti and plagir.'liie An,, luce ceuldarabty 
M|‘ ai irfricil.a IrJta lUg ;ievleu>ly liuun. 
f e*p«' 1 1-. *1.. I.Sd) i-d l.lll t-i||litlf.| die- 

}!fi in llamas -I qgartc arj plilTocMte e»ri 
(ers at irlitl.el) Ij.if piiscuras thin privioua- 
L. t Hipcil.iL; atiii Jl.J irj II, S errs. 
Iff hi,*i jf n of c jar if j-d diipisatlc |la** of 
g.srra an Hat Jr>:t aol ft bit o, arias in tha 
•iptrl'iiTallr alcdil (iiln, The sue feature 
-Para: |tr Ilea an... IMI, tha laapas vldaly o jar- 
lap in nwic.llrl if a nu.Mill; iliclfj (canlu. 
Olarlf. 1 1' Alii.'a* am [ 'HIM; a alsuia rf 
'I fatal 1 In e a;! a-Kpl-ua autCilc r: g.'.'tlc detains. 
iia:lf'Il: line of nleircllr.e irj tllgc.'liai 
Ala. • ,lin:i« ratlzitaa IS-101 Ml'.ai than dn*« 
Sl* a -lf.<u *Isi* cl g.inc In the mi naturally 
l.'l (Tl if if lall', a;,-: had l.kl, A«ara|a (rriiuli 
f'd I'" > In lift! ard fella(are vf S |talM gas- 
elf 1 'ill ai IS.) '“Pa ara sl|nll l-canlly luuar 
I'JT a* ,1 pr.ii.ra .'f IM ur.-Ia f..;h. Fur- 
f-.-r i'll li I. '.-ill.'i I' .sleitUM ll.ne ill- 
rar.'i i««. i'. mlhla a, /I I.11 Inar of the inli- 
■•’S-.e .1* 1 • I1..I-.. «d. I iiucc k ■aiiNirrkirn. ra- 
il a 'C l * rails licit, , nr st-tr. 'natal) . 

J. uecpl^e. F-i.. Ml. Parer IB'ctJ l 


Oceanography 


«ITQ "as Its 

*.IBLW Ut . Lit f f AT ItM IjNtSH A iBjylki I Wn I S 
iij-jm; in 

*ir M fd t. ii*si |P#-:inislcii intt<i*it, 
l-S.lrfl Lv a* Alltle, ealrElnkti *Ut>( 9)T0|) 

I . H, < S*(0l>.> 

TA* pl(r^.at,e teljUE* ftriri lit r(p|l«* gr>f* 
Iti |f» PI1K*IT r> • r’liMlltllc f l'Jltirj 
cine fi 1 a.iiing llf4 ion li iMi.itii Tpr a 

• H'lU cf cn'TlilpI ih*t Hpl >» if Pqi 
fli»U r j •«* ip«1i. In iwlvtlnt mi* 
losdjf'i linn pp«j<rt il* • thin fee i<eil b, 

• Mr* lei 3 r:il"| at if* trlll;il uetd Is 

•o.ri u snepif th* nailed tutlr iMfieg 
it*e)t li 4 - it liar) fat la*. *1 tie In 

thl(Ke«ll or t)4 K^dul ircreaiet, OP lb* 
■ill' fKt* ficnjin, l*« ad'iyi >USi«ig 
fact ip Mrriin. TP* *Biaonse 'J a flat I In.) 
let **«*t te a ftetipg riMcIt t» ilu.iwf In 
the light or this bine lor. rr* rei.Hi 

1 yjjeit Thn 1u lass thin 0.2& * Will aii'j’it 
to tfltllfrllg ITCH" by sap era) retail, ely 
|I(H Ice tniliM, loch at «1r cushion 
vrfilc.lti • Utrill'C In ■ tine itrNti it [he 
critical spm 4. . (ftiine-Mae, vficMlsiilt, . 
TlMtlKi In] 

J. cootsja, Me-. Craan. Payer tCOML 1 


4/85 Surface wives, tides and s« 

FIELD GSSERVATIU'i) Qf SOW BEAT: PARI 1 
FffJMCSSIVE rice MATES 
D.A. tuntlo; (Oepsrlrent of OcMnogrsphy, 
OilfiouTifl Uni vanity, Hal I fa*, Nova Scotia. 
Canada ) R.T. Guta and L.D. Thornton 
Wliwtcen otaalal electronugnetlc eurront 
mtert hava teen ui«d tn ddUmlM: th* 
lonnshoro and on/of fiharc structure of currants 
at surf-boat rerlods (1-4 nlnulOE). The 
srnsors forired two linear arrays, a longshore 
array within lP,e aurf-ione and an on-off shore 
array it niching fin the shoreline to well 
beyond the breaker Tine. Analysis of tho 
longshore currant wponents yl*Ms a clear 
picture of progressive low-reda edge waves, 
with frequencywavenurtier Jlsperslan relations 
which are in rcr-arkably good agiaainent with 
predictions. Sore separation of edga wave 
nodal Is found, with redo zero energy 
donl rating In the frcquancy band O.OM *nd 
O.OU Hz and redo we betuesn 0.Q15 and 0.025 
Hi. On/offshor* currants prestnl a rathar 
different picture which, while not Inconsistent 
vi I ili the longshore currants , suggest that other 
TOurcos of energy are also important to th* 
cn/of f shore currents. These Include standing 
edge waves probably famed by reflection* at 
nearby Swlpps Catijon, and notions which are 
non-respnzrtly forced by Incoming wave group*. 

J. i.Cof-hya. Pci,, Croon, Piper llOTSl 


Particles and Fields- 
Interplanetary Space 

SSIO Curalc r»j« 

St'LAR CTt'l-E 111 DUI AT I ON OF l Al ACIIl 10SVH. RAYSi 

SPEcinAriov os mt foie f-r corovai irausifhis 

r.oiian Msvklrk, Jr., A.J. Ilundhauron and 
V. PLarn 1 HI yh Allitiwftk OhMrvstsry. Iliilunal 
Cacitar lor Atn’sphar ic Rereatcli, P.0. Son 3000, 
BuuUsr, i , .iI('Nfg, SO <fi/| 
loreml iraaalvnii an. believed tu luvolyv tha 
• Million of 0.1*1101 U "U'lhblss" or |ngp. Into 
inieiplenotary apin. The clwie r«1uti«n*hlp of 
rAinu.il trenaiunt ■ vits ,'tlier (ore* »f tolar 
iiivliy ouyanais a variation in ihulr frrquoncr 
■■I ooiiTlwixa W a in.- tur uf I (u 1U over the 
i-.lir iftli-. A» riAnctlu n lii.Tvil*nl" In ih* 
i.irrrplaiii'lary ni|.,aalr llrl.l, irmalenta tho.ild 
ll.an leal tn a mlir-cV.ln .Im-n.lral .cutler In* 
al mail, rays L-nluilna thu iunoi a.vlnr a>stca. 

I he [-..tur ^preenn uf n iwlul of the tranavorso 
lupgalli- f lucl'nilona anl Ice aoltr rvde Jupand- 
enoe la c.-^p.iroJ to eba nbierved (*uct rpectra. 
Car .«al tranvisntii i(« isntattvcly Utttllkt at 
tha sular orlylii of the lev (ruqurncy power In 
the iiiterpl.inatary field and, 11 inch, an lopori- 
ant factor In comic rjy rufulal (on. 

J. Ceophya. Ron., blue. Paper lAttiJ 


S)10 (male rays 

CV1MIC SAYS AND mU.'.btRETOMl FSE'IULNCY 
H. D. Lerlihrldya IK-Mrntnlb|y topatlnoni, The 
Pan nay Ivan I a Statu baluorstiy. Inlvcraltp Park, 
HA. I*V0J». 

A n Ion If Kg.it OMlvn In eoralc rny* occur* 
da- before solar eocior boundatv urcs*ln|i. 
Tiutofaie. jnilo ii wulV slmvln* S nawlnga |n 
ri'ir.Jsr ronn frequency ..ne de> ifrrr nular eector 
cr-falNA* net result fron M,h rasilo ray count!. 
This l« l'V IdonceJ ty 3 binI^u‘ 3 In rburulnraiuna 
f fluency tlirae '|J>w after til Ah cuialc rava and, 
‘lie, hv ,| na.-lq.Ti in [liun.loratun frequency 
if'iuv Ja,* jft-r r In loo » . Tl.«rr mini ato 
M Tl|l.i statMtl,.i\ vl»r\f Icancc th*n I'lueg 
fn-.nd wNon n -lur «*. tor boundary ciasslnak wire 
!*.. da'.a. 

■ wcpitrs. (“h . | an., faprr II.OSOI 


9W Solar wind plane 

copqial snctHin n im shuib wro at i ah 
J, T. Oolites (llnlfsrrlly of California, Lea 
AT lass Hat tonal Laboratory, SM-H3 k]6, Los 
Alaioa, m 579*9) 0. Romm, J. I. Atbridft, 3. 
1. Bwia, W. C. FalAsi, and R. T. Kansan 
(anlnatlon or aoTsr wind plaar data obtained 
by tha Los Alims uporlaanta on TKPs «, 7, aac.8 
dwinc tha 1971-1978 tntarvaT ha* rivalled ■ Tra- 
guint aoaaoiatton bttvtan alntBiaiA in naliua 
ah in fano a and an lain s in proton density. Thill 
taints ogour *1 low flow apeods and an atronily 
eerralstad with polarity rsvsrasTa tn tha Ihlar- 
plinatwy nainatlo r laid . A li'ie fr aotlon or 
thus htch proton tfanitty-low haltuw abipdanor 
avests ara axarplas or nonooipraaalva dansity 
mfienseaents UCEC), |.«. lari a peslllva dansity 
aignala nob readily atsooiated with atreao-striao 
istsr sot tons. Th* olssnsst tin piss or thsss 
orsats often ooowr tl util dsflnsd stator taieid- 
«-lis; ocsplsf, suit 1 pis wants with 2 or oars 
ptsbs is protas dansity ind I lit Inf ^3-7 dsys 
ar», howitr , corBen, tnd srs issaeisted with 
■ul tipis Maid polarity reversals. Whan asppsd 
bsok to tha fin uruuni oonslant apetd alon* a 
Sbriv tuba, than hl|h proton density - low 
hskii* ahmdsnot feasts osm elated with aagnsllc 
rtsld r ever tilt usually correspond to lnlrrsio- 
llens of U-.s 1 pea ea raft trojeatory with th* old 
lint cf » coronal ilrrnsr btTl whloh tnelroTss 
sui. The dirstlon or null l pi lolly of thus I 
AU events is leoerslly eerrelsttd utth th* local 
till of tho alddla of tho stresrsr belt to the 
solar 14111 tor. Thai* events thus appear to bt 
tha 1 All *1 tens ions of coronal stremera. A ties 
seala war pin or tha atresaar halt on a longitu- 
dinal seals «T via* and varying ihittotaas and 
density of tha itrtamr bolt il I AU oin mm uni 
for the variety of lew hatsia abinianca - hl|h 
proton dansity ««sta ebaarvod. It la nut yat 
u-drr stood rfiy the hallia abuidsnco ta low within 
certnal at r a Flora at 1 AU. 

J. Guphya. B«a., Blue, Paper lAOiQ) 


Particles and Fields— 
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DIS Aurora t 

•■5*1*1 4Wfi*AL '.ICON RAPT CUCnW) AND IlitTR IN, 
HUBil M tut IQ fiATMA TOP'IS 
R. K. Thorn* (Unlrcrslty of CshfornlA, i 0 ; Ana 
Jil, Alnotphsrlc Sc line ft, 40S Hllgsrd Avtau* 
lot Anjaln, CAllfarnls) ’ 

A diract eeupllAj u pro pot ri la twain jnvfm 
svroral ntrgy dliilpstlon («itlnitcd i 0 bo as 
nuch 11 IQ ' Hi m ultra* lolll tat at Ion; (t?.J 
lb- W) fron tha hii»y (on torui Turrcundlnu in 
TNii (T10C tr Hon ui FottvaUd by lh« rcalfiAtl 
ihsl Ihtrt art ttrlQui diicrapanclg-i in alt prr 
ridel thljrlfl for dthar ch* 4uror a l Input or 
trjrgr lourct r squired lo sulntsln Nn slccirc 
1*19 RV] In Th* Milting Unit. It It doton- 
Rtrilid that tolh freblMi <*n ta raiolvcd by 
Blipllc] th* pi au 1 Ibis AitiaepllBi tfat tha deal 
*« lurart) VKlpliatipn occur i in 4n tn«ray 
ri? 1 ' 1° , 6 * I'W'W. <" Pirtlcolir h«m 1 

b*To- iJO flf. AT Ihfie «n|«r th* BUotphars i 
d»JrA"l Iroctlpw or ihilr (nergy |« 4li s |pii« 
(FOlutlnq trcaMiry lltclrgm wilt nagn 
l*S ring* ?0-«0 tr. Most of th, iKom.ry ,^ 

Ii‘rt l “* lr *"sr9jr ta furthi 

(tolls Hon t< Vttlutlqn. Howwir, (Nit* 1T0A 

‘ml* IM Hmjp^wrlc dtnll? 

-)0 ,, or cgn stub* into lh* myisloinhL. 

U if IN swrcrsl dltilpailpii lr tha daiinair 

■?!* rl “‘ Away RV I 

S ) with in iMrjy b*lMtn 100 tad (oOO 
?**!**■* [f* lSl ww«« of ElKhwi trsrqy r, 
J'l'JJ *• U**"** radially* lost (r» ihajo u 
■hd it idili Isjtci feno) shirk S font 1*1* i| 
■A9Ml0iphMa.il » fAIB [=2 1 ID'VSK) CQFpJ 
,ts )h* Jjp«r sttUilat 6f h*i*y Itn 1 

.C^artrs, la*. l«c. ( ' 


»LS Auroral 

iranqAL X-RAT DIACas . ^ , 

, u Ka U k (GanphyaLoa AE-59, lArlwaralty *f 

Wuhio8?«. MsilU. WaabloAtnn 58195) J. Chin 

**A nai/zMriT *p Is -ho In” ciaara baa bam daval- 
gpad to a tuff tis apatlal *"4 CaaporaL Chirac car- 
utlca of eba (Birger 1c cospmest of auroral 
■lie iron praclpi.tr Unn. The caaara obtaloa 
■ractral Inforuatlon oa br««ritnhlun* 
lUh aoirgla* baoNto 22 and II® RbV. and tt da- 
tilla apatlal atiwetura with aealo lasgtha ba- 
wstn 10 ini M >■ (« to 4.gi*a com »■!■■)- 
A. omara H* »•« doploy.4 by a balloon Into 
sinral aororal braah-up aaaoeiaWd awaata. ta 
Ills Heat rtParl preliminary iMRao J™" 
fnu than aims, *n4 ssvsrsl tJP°" " f oh “ r ", 
•barasoa art flicuarad. Tb«a phuonana tatluda 
da obaarvotlo* a( A apactrtlly soft, 20 ta apst 
vbleh appaartd to taltUu * «*J« hroak-up avsot 
■ad wbloh appotrad to gather with a eowpooant 
vbleh uaa apactnlly hard and spatially ml (01*. 
Tb* t<aln| of <hls mat, tho aultLpla ew«- 
mu, and Ika dlaavapaat apotlsl aaolaa ar* 
iwlnUcaBC of iMStaElenaiy cbsarvatlooi of 
dlspara loo loss nkatoaa lajsoilsoa. Also dla- 
tariod la th* slo* evolution of I-ray burst gao- 
gracing ragfcoa, u well oa tha apatlal ■adula- 
tion of precipitation by hydrosagiotle oaellla- 

Hon, (pc -5) wllhlo the aagnMnr^ara. It ip- 

paaca that (sail acala apatlal atniceuro ( -IS 
ta) 1* a proolust faaturo of seaegati® slactros 

srage sv,-, pa P .r 


5513 Aurora* 

UXSEHTIAl IIKTR1C FIELDS IN A BAIFC1N0 AURORAL 
arc 

A.B- You (Kartbarg toatltut* if Aatropbyalea, 
Rational laaaarch Council of Canada, Otto**, 

Cauda UA Old), I.A. Vhaloa and F. Craucsbarg 
Ha raport retktt-borna loa taenotion velocity 
sad grouad-bistd eytloal naiavrasanta In so tarly 
aianlnl, aguatoiward drifting, HV-3E orlantad 
auroral are. Our aaaauratwflta lndlcata a dscall- 
rd torrufoodmia ba twain tha noreal ooapunaat of 
tha ion oenvtctloa valoclty (th* component noraal 
to the auroral art) and the drift motion of cks 
uroroL arc- lha two valocltlaa wore Idiot leal 
ana 1 la* acala ol minutaa, and corraloted itroag- 
ly with each atkar In amallar-srila taupnral varl- 
atlsna. Tha earrarpondanca (splits a noar-iaru 
luigontlal oltclrlr (laid la to luroral arc, In 
the frame of ralaranca of tha art. Our obiaivi- 
tlms ha vo aarieo* conn a quest tr on aavaral auroral 
throrlaa, (Taagauilal alaccrU Mold, drifting 
auroral ara, loa caovectloo valoclty). 

Caaphyo. Poo. Lott,, Paper 11.0269 


511) AuroruH 

AFT I CAL DHSilOM WD ION I Z AT 191 fRCFILES PU»IW 
AS TKTE71S.E PBIUTM AVRORA 

R. 0. Sears (lockhtod Palo Alto Pisaarcl. Labors- 
1 or Ira. Palo Alto. U QAJOil and Richard t. 

Voadrak 

Cocrdlnoiod apart ropho trait rle and Incohorenc- 
acaltor radar nundvonti var* rjdo of an incaaae 
rarly-nomln, puliitlnp ournrn ai Chat an lb* . Alu- 
la, Both lAfttuticcta wuts upmalcd atmultancnualv 
ullh tamporol to, Glut Ion o I 1 roennd and uora 
luua Ightcd at ivc-.iBacttc rcnlth. Tho goali a( 

thr cal laharat tv* Mpnrloant wir* to decemln* the 
icial rnorgv llui, c and iho efcaraetarlatlc cu- 
oipv pararutur. or tho pivclpltorinn ulactrnna 
mi a tire »cal« (culler iha n tho pulsstlon dura- 
ll« and to lni'ciM(/iM- th* rcapansu of cKa Icoo- 
aphcrlc 0 1 Cl- lion d.-nslcv on a coopnrnblo lion 
idla. Tlio r* 1st Ion eh ip kotvecn total ennrr/ MuJ. 
end thn cha rat tar lit Ic on.-rpr paigmorer nuggaatr 
that during ther* cbnervarlona th* puloaticna 
vtr* rgusod fc; a ncJulation nf a rachor than by a 
oc-iulat Ion of tb* total proclpltat Ing partlcla 
flin. TI10 voluaa •>( r t and n dotlvad fron photo- 
n*irlc data war* urod to Dod«l Lh* electron dan- 
ally versus altliud* m the lroorpl.vrr for c«cm«- 
tlsnt. with th* incohwrant ecattar radar rouun- 
n«0K. Henournd altitude prom** or lonftatlon 
did not chanp* 'Igolf leant ly cn tho time **■!( cf 
Che pulsoclonl. 7t» E-rcalon nailmun a lac Iron don- 
.11 tinuull. '.jh ’*1?' ai in altitude of In. 
Ynlaklona in laiosphor lc conductivity uses loao 
this 1ST on tbs pulsation tin* acala. Thaao ra- 
aullo auggeot that a aurgnirnsphorlc modulation 
oachanloD Is roqulrod to explain diffuse pulaatlng 
auroras- 

J. Ooophya. Rot,, Alui, Pgpir LAO) 68 


5520 Electric (lelda 

GLOBAL. IONOSPHERIC ELECTRIC FIELD 
MEASUREMENTS IN APRIL. 1978 
R. Holxworth (Aaroapsca Corporation. A6 / 

2H7, P. O. Bo* «957. Loo Angalca , CA 
900i)9) J. Wyganl, F. Moiar, C. Gonna) at, R. 
Oreanwald, M. Blanc, J. Vickrey and A, KUM 
Thle papor preaanta as Introduction to a 
global campaign of simultanseui quaalsutk 
•lac trie field meaaurements from radara. 
balloons and aatellitea at varloul place* within 
lha aarth'a environment for April B-la. 1978. 
Tha a avail daytime period encompaiaed both 
act cod ad magnetically quiat time a aa wall a* 
two magnetic aiotma. Then atorma ware 
r * 1 * , *4 to SSC'a following aolar Qaraa ona of 
which included a day long *olar proton event. 

Tha wide variety of Inatrumaotatlon and 
aaiocistad oparaUng mode* Uvolved in tbit 
campaign la datcrihad. Sample conjunction! 
bet^-oen flilellltii tod Icoosphirlc meuviri- 
nitnta ore shown which demon* Irate that field 
lisa mapping ia valid under certain clrcum- 
(Uncos. Some of the largest ionospheric 
electric fields svar reported with > 100 Icm 
seal. ala« occurred on April 11 and these events 
are discussed in detail. (Electric field, 
balloon, radar, ritel)l(a). 

J. Ceaphya. Rea., blue, Paper U06A4 


5520 Electric floldo 

GLOBAL lOtlOSPHERlC ELECTRIC FIELD 
MEASUREMENTS IN APRIL I9T8 
R. I Inlaw o rib I At map ce Corporation. A6 / 
jfj?! p - Dt " 5^957, Loa Angmles, CA 
90009) J. Wyganl. F. Moxer. C. Gonz.l**, R. 
Greonwald. M. Pbnc. J. Ylckr.y and A. Klahl 
Thu papor prosonta an introduction lo a 
global campaign of a I mulls neons quaaiaislie 
electric Halo moasuro manta from radars, 
balloons and ■Mallhes at various plaaos within 
lh* earth's onvlronmont for April 8-u. 1978. 

Tho sevon day lima period oncompasaod both 
■Mended i.tagn.ilcsDy quU , llm „ „ WBll aa 
two magneUe ' ■taring. Dioso Harms ware 
ast '“i^ 1 5 ,1 » n r‘"l a°1 J r flsros one of 
Thi h ) l " el “ 4, l a 0 ‘ong aolsr proton event. 

The wlda variety of Inatrumontallnn and 
aieociatcd operating nludo# ( wo , vod , n Mt 
campaign is da.erlbed. Somple conjunctions 
between aatelHtaa mnd lonospnorlc nioasura- 
JT"** •” "J®* 11 ■***■•• domossirste thsi Hold 
lice mapping la valid under certain circum- 

n-hta * tl lh " ^ ar 8 0Sl lunoaphorlc 
elerlric <la|da ovar r sported *Hh > loo km 

on A P rl1 1 ' a "d those avasta 
aredlacuaaid mdaud. (Electric flold. 
talluon, radar, Htvlllio). 

J-'-enphya. Fes., si a0p p 4p „ Ia0M4 

55*0 Elea trie riaUn 

w,atob “ i - b «» 

n «3>. H . H. lirilV U> “ 1 " 

Jlo.«?o( Upr*"?* wotafcwi developed st 

t'SS 

ammonal f riain B ****** * ,p ^*I | f>ce Is lha 

™ ba trsoked , JPTWiWlMta 

YalocLty trdfl)J^ t 2 T *'"“ t “ pa wosTvsN. 
.it 1 this way ahow a^ot ^nT.^ •’*'**(• 

talon u. B kt IM 105*2'* ;SK' T Wh 

• Y~. ■ * ^Mtaia* ■p^an.vn • 


outward valosltlom abova. A pXaualUa wlana. 
Lion ror ibis shoar la Urn the wibu w driru 
ara drlvaa by aleoLrio rial do [«l M ,a fcf 
wastward E region wind* uj cnapp.d us ,i OB l 
Dignatla field lines, Mils *t hlgtsr lolihti 
ubera the eleotron danali; li gr«aatar, U, irlfti 
ara ocstrolled by tha F region dyiwao (rHan b« 
eastward ulsda. ’ 

Qeophya, Re*. Late . , Pa?»r ILiJ IS 


5530 High-lit Ituda lonasykarte curruu 
RBLATIONRIIH BETWEEN TO AB AND ST qdico 
on i no csaucmic btoiub 
l.-l. Akaiofu (flaophyaical lsatl tuU, Uilaatalcv 
of Ala aka, Fklrbankm, Alai), 997 01) 

During aodarsta ly dtsterhad parledi, iba *| 
sod Imt Indicia hava a Hapla linen ulitlaa- 
shlp. Hew. vtr, ic Is ahsva that Chair nluloo- 
■hlp (■ caaiUarably dlffaranc dorli| tHMg- 
oaclc itoiu. As tha llatl Indu grow ibova 
50r, tha AE indox layfls ate and luis u 
decrasaa. Ihla finding a*y haw taumtlnj 
lopllcactoai in undemanding cha fonmta 0 f 
tha ring currant bale. 

J, Caopnyi- Zaa., Bluo, Papar 1 A. 0421 


SS3B intefictlons. betwttn wires and pgrtteles 
ELECTRON-ION COLLISION EfftCTS ON THE RftUnOH 
OF PROMPT STR I AT IONS IN THE IONOSPHERE 
J. L. Sperling (JAYCOR, P. 0. Box U1M. Sin 
Diego, California, 92138) and N. A. Krill 
Electron-ion coll Isioni hire been included in 
the analysis of alectroiUilc, purely trwiu, 
finite Icm-sjroradAui, f'«» Ins tabliulti gen- 
erated by 1 lots cone diitributl on of tnamailc 
Ions In the ionosphere. Il is s frown that tte 
collision! not only reduce the g r-owlh rtttkelow 
the velue predicted by collision T ess theory, but 
also resuli In a second lexer growth nitrate 
not found In col Hslonleu theory. Although the 
electron-ion collision frequency is lugtr than 
the lon-gyrofrequency for Hit pn v*ajretm el the 
Duero barlut release erprlrent, the growth r#t* 
of the linearly most unstable mode is not appre- 
ciably modified by the collision s froi the Hlue 
predicted Iran coll Islonless theory. [I Kt ron- 
ton collisions have a greater Impact on the In- 
stability is the electron dinittjy )g increased. 
Complete stabilization through a T ectrw-lw 
collisions requires demltlis In excels of 
8.7 x 10“ an-3. 

J. Oeophya. Re*., Blue, Fipar IA. 0514 


5535 inttrullons baewats nivse and partial** 

AN INTKN 31 VAYB/PARTICLE fYKNT IH TO lOROMl 
TONOSPHBRB 

l.D. johoalone (Hullsrd Span* Sod.anea Laboratorr, 
UntvereltF College London, Depaarteaat af Niyslaa 
and Astronoey, Holmbury SI, Nary * Dorktog, Surr* 7, 
tnglsnd) 14. So j Vis , H. Olfibona, t.l. Wnhsr, 
L.J.C. Voolllsurort 

An Intacta burst of SLf vivas . st frxoanalai 
just abort tbs loos) Proton egyrefisenexj , as* 
observed aMrcly artar aath af two lalacn Surat* 
of flald-sligned aupratiMreel altatrcna (( < 
250aV) by lutrunante oarrlad on a eoedbc rookal 
flown Lit diffuse aurora. If cha two pascM** are 
taaaolsted vitb eeah oiAir, thus lapllcittan 1* 
lhafc the elaotron aaaalaration ooourril narky , in 
e relatlvilf email raitaa. (laaapsrtlala 

lntaraotlon*. auror-a, partial* pr-aelpiliila*)- 
Qaophya, Raa. I.oct . , Paper 11.013 2 


5540 Ian densities anj ttrpordtu ros 
PLASMA DENSITY FEATURE* KMC 1 AT ED HI In SW« 
CONVECTION IN THE WINTER HI6II-L A.T I TOIIE f-SISION 
J. J. 5ojki, H. J. Bain and R. W. SthanR 
(Center for Atnosiiherlc ana Ipac e UImcm. 

UUh Stste Qnivorsl cy, logtn, Utah MU3I 
We camblrtd s simple plum con vet lion rjlel 
with an loMipkerlc-auioiGherlc coaptcUHa 
nodal In ordir to study Hit Dies me dariliy 
features associated with strong conmlic* 
tha winter high- latitude F-rsglo n. 0«Mir*r1- 
cal study produced tlme-dtpanden t, 3-dl aulo/i- 
*1. (an ltr.it 1, aiuirlhoiloik for U* '.vi 
NO*. 02+ , Ba 4 , 0 r , N* and Hs». We toyimd 
the hlgh-litltiKia lonosphare above *7* « 
ragnetlc latitude and Jliltltudes btUwn 160 
•nd 800 Mi for a time period qf tare corplete 
day. Froi our study, m found that: (U f» r 
strong conmilon, the • Ik iron density twill 
1 significant variation with alt 1 tuds, latitude, 
longltuda and uni va rial lire. A. slmllir result 
was obtained In our pravious study dfilhg 
with a weak convection mdal; (Z ) Forstreng 
convection, ionospheric (Nture5 . such « ij* 

■aln trough, the aurorilly produ ced Ionization 

! aaki, the polar hole, and the tonguto' 
onlzstlon, ir* ovldanl but they art odifisd 
In comparison with those found far slew tt»- 
vectlon; (3) For strong convactl on, tki torque 
of lonlzitlon Is much non prono uncad than fer 
weak convection; (4) The pole r holt thills 
associated with quiet gotmgnetl c activity 
conditions, docs not fom vhen th® pliw 
convection li strong; (5) for at ronfl cwrec* 
lion, a nw polar hole appears 1 n the polar 
tap at carlaln universal tires. This rev 
polar hole I: associated with 1 b rge (tatwi™, 
electrodynielc plasma drifts; (6 ) for strong 
convection, ths main oreld-latl tude electron 
density trough Is not as deep os that found 
far a weak convection nodal. However, Ills 
still strongly UT dep—deui and (7) The 
Ionospheric parameters ifcf hmF 2 , and the lop- 
side plasma density seal* height exhibits 
appreciable virlatl on over lire p olar regie# •* 
a given UT. 

J. Ceaphya. Sis. , Blue, hpu 1A06A8 

5545 Iooqiphstlc dleLurkiacH hi __ 

ON THE SPATIAL POWER BPECIMH OF THE M WADIW' 
DRIFT IN5TU1LITY IH TtWWfttlC PLASXk C11OTS 
H. J. Xsiklntn (Navel R*»a*tch UtaborilUTy. »d» 
4780, NsshlBiTOD, D . C. 70)15) and 8- L »*■ 
ConaacvtllDD laws . lsplt«4 by the faola»»«d^_ 
plasma fluid squat Ions 4ii?rU,Lns iht til jrial 
drift lnsakUiey In ioBMpwric plan* ili“#*» 
are utilised w obtain *» titalye ic 
for tha yousr space run. luriharrooro, It !• * 
ibac cho tvs-dlnanelonal povir l*w t&t*. f* 6 '" 
of magnetic flald Una Isiipracad Paa*rxp»«" 
due dvity (dsns Ley) parcuikiiion® , Ut ika ptana 
perpendicular ta the aablmi usgTiotli IliW, c 

puled from stnirical aleulstlon «eudlHio» 
sxparlDootal okoeevatieos ira esnaHlwi ^ 
thaao coutarvaclon lav*, lh* numaried ,1 * U *"a( 
tlona euggaic a tva-d incisional F , ° ,, # r ,W!iIwj 
th. For. F(k,8) - PoCti*** (1 + E3e/ka) , H B *"'*J 
•hare cos « ■ k-F_ and U !• th* «o kH ; 

(laid. Tbsyttaent BitaVfilc for-rmuUilW 
l«n<3. Is addition. If e ■ 2 end s - f, 
the outer seal* wsvenuabir ko «* I -“!» i 1 '* 
cloud gradlmt acala laagih, 

J. Ceophya. Raa., Blue, Paper LA.05S4 


5570 Total Electro n Coolant . 

IONOSPHERIC TOTAL ELECTRON CCKIB" 

BEHAVIOR AT A PAIR OF MID - T-ATnODS 

CONJ UGATE STATIONS . __ . 

E. A. E**o*(LaT*-oba UnlvaraLty, 

Victoria, Auitrslla 3083) J. A. Klob« tar . . , 
Sosa anal, diurnal and nugoetl c selWW . 
pandance of lha cox- relation of icaxvMpbarlc 
• total electron conk nnt «•» dslsr i-nliwdNr ■ 

Shortly s, AU»k*-B«vdrld|o Au»'fcral1H»l |0, '' .' 
pair. For aqulna'xaa durla|,lov>r XI ?* ,s ^fi Da 4ll 
■ acljvlty ths correlation il poalttwe 
»ftarr»ooft»Bdnag*LWs **tai • 

. local mo re Ing hours. 'FM airly' '** llUr ^ t jj i . 

.rrier tha correlation La. gMaitlkV- To*- 'P~ u 
'. afar ova (fecit In TEG Al«quinO*c caopreof 
..BiikiulUnaMilyb] bCilh hmalaph •*■«#( •?•■*“ 

.. tonsil dlffsNBcea betwais vinte '*■ 

•tot ma eaad ui domiml* during » oleWM 1 * [• 
LocaJ jwinlar olghttlrri* varisllon* ln 

' '' '.'(Oipcour iUriult*ivec)u*lyiBTbe.i* yrTOnSr .[ 

' H . ":*pb«>ra al Hip magnatlcaUl vf?,.. | 0 i' ; " 

•-V: ;''klgti 'iayeta'of magnOtla icHrilY i !.-.b«k rtl , 

\ ' |! ■yTHfgnatli atllviiy, (Totti Elact«-on,Cgi#9»‘ 

. iiY •. i ' j.; •* i r.r.- 
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noivrw roFOTATiK-; umpArij(i:i tti; tons 

¥ - Snleli and H. Dryer I Spate Env l remnant Lab- 
oratory, tlOAA/EU, Rculdor, Colorado aijJOl, USA) 

"■ W. FI lltus, F. J. Salth. an] J. H. Wolfo 
Ua oualno tho najor changaa In aho aolar vlnd 
boforo, during, and after tho Flonaai 10 and It 
account era with tt.a Jovian nagnatoaphara durlsg 
WJ and 1974, raapaettvilv. Tn an aarllar study, 
Snlth ac al. (19)8) concluded chat cha Jovian 
■•inatoaphora uaa tubjactud to larga-acal* coa- 
praision during at luac threa of four interval* 
durlog which it appeared chat tha spacecraft had 
r« -entered lha aolar wind or oagnaloahsath near 
50 Rj aftar having fine entered ika awgnacoaphaia 
near 100 Rj. They bared this auggaaclon on cb* 
ob larva Lioita of tha alltar opacocrarc which InJI- 
catad— on tha bails of s kloautlc crsnslaclon of 
eo rot sting Iniarscilon regions fciRs)— that that* 
stTuctures would ba aapacted lo arrive at Jupiter 
sc the appropriate beginning of thuoe thrao Intir- 
vala, Aur re-axielnailon cf thli suggestion In- 
volved cha miEirlcal aloulatloa of tho sulclpl* 

CIR (value tans froo one spar acred ta the (liter 

tpicacraft. This approach, conildurod to be a 
nsjut leprovoEont, coni Iren tho aug jcarlon by 
Snieb ot al- (1978) that Jupltar'a otagnataapbara 
waa coapraaatd by lotarplanolary CIR' a during 
ibrre out ol tour cf thaao avoota. Our KID almila- 
tlon alio suggoata that Jupiter' a ugnptoaphare 
react! lo tolar wind rare! actions ln the oppuatto 
way— iy u. ponding, a previously unohplalncd pair 
of Eagnotopauaa crosilngi an ibo P lor.ee r II out- 
bound pans up iloply b* dus to a .L-lav.'J rc- 
•xpaoilon of Juplior'a ragDoloapl.arr. Irca a «,cs- 
prana Ion that o-'curr*d iturlnx t>u liiboun.T pane. 
(Solar wind, u goat. iaplii.ru*, uhA.hu, anargut ic 

S iillclou) . 
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Physical Properties of 
Rocks 


MIO Elamttcity, fracture, and (lew 

DESIRABLE SAMPLE DIHEVSIM’S TiR DETAILED AuOlaTIC 

EM 311175 STUDIES 

C. B. Sand erg* Id (CIRE3, L'nlverstcy of CulocjJl, 
Boalder, CO, 80309) 

Under* landing why and how roeba fall uodor 
various condltioni It absolutely crucial to 
under ■ lauding airchguakat, cool collapi* in 
■loss, hydraulic and gas rracturiog procefaea, 
etc. Large aiaplc dieasslona eabiaca Uur resolu- 
tion of detailed acoustic aeltaloo aiudias- 
(UcreMlsaalogUtl uudtee are sadt psiatbl* with 
tscroaird aaepla d Leans loa* ■ rurthenoce, the 
physical d leans ions parelt nueeioua sieuliancoul 
aiudiea which logalbpc piovida rigid constrainli 
oa th* physics of rock failure. (Acauatlc eels* 
Blau, large sseplrs, eicreiolteolagy). 

Ctophjre, X*s> Late., Rapt/ IL0S08 
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cure* ten lr. l-:rj so 71 cent e:ro*. This rx*r.:.| Is 
i r.*u r:'-< ai atl' f :l arl ran l# roiJll) 
jppllol is *ra rmlealng dlsclpllnos: MJ 

*ir*lp,r.roniil sfidleOi «f> *.yjrelcgyi I)) 
latr-rlr^-,; ar] fi-i go;csgr.oll9s. 

Trio r»tr:J ttniliu of s '.ctrlrjUvu f.l »t cf cr.e 
variation of twi ciitiHtle ptruilfn. IM 
first c.in»l*r, lew rield 'lass tnsn L'.T allll- 
ThjIs. si. or T dt) -uiTaptlnl lit/ in a ataaly 
fill: ip fl-.u-] on the abulsu. Tna sa.-er.d 
rsnsoCur, lnf.ysleretle rarjr.enl ugnattcatirn 
(ASH. tcpsrtel Dy • jcoolttly doortaalLS IF ef peah 
vaI' 1% '33 nl f'.Cto Oe' In lr* preseru.* of s wsaW 
sTasty rloli (O.ii-O.i or, rrO.l-l Cal Is plotted 
ct th* -.rdlrita . Per * a*] leant eeluTh In whloh 
’.he sagnsile cl rural Is aagastlts, t plot of tfe 
two rj|r(t Ic iiruitcri eh:ws irsnslclc-is In the 
urprags cjgr.sile grain sice with depth as nlaarly 
dl7:«rnltile eiargsa in cr.s el:ya of ■ ragraaslcn 
line fLt to tha Individual pclnln (a, ARM). 
(Qraln else, cagrstJts, palaMr. tens Icy, reck 
bs gr;etlaa) . 

iauphya. Roa. Late., Paper llOkll 


hL*. J (nstricanca and Technlq.ipa 

LOL'tl'iUtCLl ASCi Vir L;iClKCl 5 Of )\f 

f.-j las:e-scale TLuiiM'. 

D J UarLlns (laursace lur.*i*,' LaV-sr jr-ir*. 
luitrla-, filllurali, SiJJ'll 
* Th* tr:hnlqu*a uid far acqi(alt|.in and r r*- 
pjrirl rD of largo a-jr laeni uf r.i'L f-ir lab'ir- 
d«r« resting dunend tp^n ti.e lmtlun of th* 
warlun, M.o Tvr* "( r.i.b anl the ■r 1 jI[r<,T.i 
o.vlljbln .it tin (lulling lit*. En.,il*i arc 
priii«K.| to lll.iirrAto asrf-llr.y ml "Cuuirj- 
iIl.a lei rnlr.'iu, mui fur two lai£c cylindrical 
at- nice .-f rraili lc mturtst. «.:* rwrvaaivrly 
fractured ill <nr c.-ntalnlng a slnjle frictur*. 
.:»?pn,n. Ren. Ion.., Fjpcr ILOhli 
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